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Here are precision Leitz instruments perfectly matched for exacting photomicrography. 
They are simple to operate, yet capable of infinite variations to fit all your photomicrographic 
requirements. 

With the Leitz ORTHOLUX with ARISTOPHOT, image sharpness is limited only by the resolu- 
tion of the film you are using. Only air separates the optical system from the film. There is 
no loss of image sharpness because of mirrors or other devices. 

Film size is not restricted: 35mm Leica, 314 x 414, 4x 5, or Polaroid. Your choice of illumi- 
nation, too, is virtually unlimited: transmitted or incident light, dark field, polarized or 
phase contrast. 

With the ARISTOPHOT detached, the Leitz ORTHOLUX fulfills the most critical requirements 
for a research microscope. The ARISTOPHOT II may be used separately for gross photography 
or macrophotography. 

Write for illustrated brochure, Dept. 294 SC-1. 


E.LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
Cistributors of the world-famous products of 
Ernst Leitz G.m.b.H.,Wetzlar, Germany—Ernst Leitz Canada Ltd. 
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Davenport—HISTOLOGICAL AND 
HISTOCHEMICAL TECHNICS 


Clear and concise in presentation, this text is designed for 
undergraduate courses in microtechnic or histological tech- 
nic, It will also serve well as a text for medical students 
electing a course in histological technic. Arrangement of 
methods is based on the nature of the methods themselves 
rather than on the type of specimen or tissue component. 


Part I, The Theory and Practice of Histological Technic, 
covers the nature of tissues, the technics of fixation, wash- 
ing, drying, clearing, embedding, sectioning and mounting. 
Part II, Formulas and Specific Application of Procedures, 
covers the staining methods, staining solutions and fixing 
fluids. Part III is devoted entirely to Histochemistry. This 


facilitates the presentation of aims and requirements of 
histochemistry and classifies chemical constituents of tissues. 
There is a separate chapter on the Application of Schiff’s 
Reagent. 


Emphasis throughout the book is placed on the close rela- 
tionship between biological science and technical methods, 
with physical and chemical phenomena used as explanatory 
media. Reasons for performing procedures are carefully 
explained. 


By Harotp A. Davenport, M.D., Professor of Anatomy, Northwestern 
University Medical School, Chicago. 401 pages, 6%” x 94”, illustrated. 
New — Ready in April. 


Newby—A GUIDE TO THE STUDY 
OF DEVELOPMENT 


Here is an unusual laboratory manual. Designed for the 
undergraduate course in embryo.ogy, it includes the cus- 
tomary directions for the microscopic examination of serial 
sections of progressive stages in the development of the 
chick and pig embryos. However, unlike other manuals, it 
also includes quite extensive discussions of the causes of the 
observed development. 


These discussions, called Physiology of Development, cite 
additional experimental studies not covered in the laboratory 
work, which shed light on the nature and causes of normal 
ei ce They cover: Organization of the Egg; Forma- 
tion of the Embryo; Development of Organs; Interrelation- 
ships Between Developing Organs. 


The laboratory exercises themselves consider the follow- 
ing areas: Life Cycle of an Animal—Reproduction and 
Fertilization—Earliest Stages of Chick Development—The 
Young Embryo—Organ Primordia—Mammalian Develop- 
ment Including Early Stages and Formation of the Placenta, 
and Transition from Chick to Pig Embryo—Abnormal De- 
velopment—Embryology and Evolution. An introductory 
section provides suggestions for the instructor as to equip- 
ment, schedule, experiments, instructional aids, and sup- 
plementary literature. 

By WILLIAM W. Newsy, Ph.D., Division of Biological Sciences, Uni- 


versity of Utah. About 288 pages, 844” x 11”, illustrated. 
New — Just Ready. 
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Dual tool for botanical-physiological research...the Beckman Model 15-A Infrared Analyzer is a 
versatile instrument of high accuracy, quick response. In photosynthesis studies for sensitive measure- 
ments of minute quantities of CO2 or H2O...in clinical medicine for measurements of CO and acetylene 
in pulmonary diffusion capacity studies...the 15-A has established itself as the standard instrument, 
because of these important advantages: Response speed of 0.5 sec. to 90%... usable with a galvanometer 
data recorder...accuracy is +1% of scale...sensitivity up to 0.1 ppm with full scale ranges from ppm to 
100%...choice of window materials and sample cell lengths to suit any analysis...simplified design for 
continuous operation with minimum maintenance. % For information on specific applications, contact 
your Beckman sales office. Or write today for Data File 38-1-1.. Beckman 


Scientific and Process / Instruments Division 
Beckman Instruments, Inc. 
2500 Fullerton Road, Fullerton, California 
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Letters 


Imprinting 


While I wish to follow Eckhard Hess’ 
injunction [Science 130, 133 (1959)] of 
making no assumption about the na- 
ture of imprinting, may I suggest the 
concept of “deflection” for the time 
when such speculations will become 
helpful. The instinctual need for parent 
relation can be channeled into a variety 
of objects. I have previously designated 
such modifications as deflection [G. 
Haydu, Architecture of Sanity (Julian 
Press, New York, 1958)]. Imprinting 
is a particularly fascinating form of 
deflection. 

Hess’ studies with meprobamate and 
chlorpromazine (see his Table 1) are 
in good accord with this concept. 
Meprobamate reduces only the im- 
mediacy or urgency of the object need 
but not its form. Chlorpromazine 
brings the organism back from its pres- 
ent configuration and lets it transact 
such object need in an earlier style. (In 
the rat, for example, chlorpromazine in- 
hibits the deflected form of escape 
drive. ) 

In his Table 1, line 2, Hess indicates 
that meprobamate reduces imprinting 
attempted at an optimal period, while 
chlorpromazine does not do this. The 
regressive action of the latter brings 
the duckling back to a period during 
which receptivity is high. Line 4 of the 
same table indicates that meprobamate 
produces no effect when object need for 
deflection is at a normally low level, 
while chlorpromazine effects a marked 
increase of imprinting by bringing the 
duckling back to a previous period (17 
to 20 hours) which is characterized by 
considerable “imprintability.” 

GEORGE G. HAyDU 
Creedmoor Institute for 
Psychobiologic Studies, 
Queens Village, Jamaica, New York 


In the article entitled “{r:printing” 
[Science 130, 133 (1959)] by E. H. 
Hess, experiments contrary to the 
author’s theoretical position were dis- 
missed because of the alleged failure to 
employ animals of an appropriate age. 
Thus Hess states: “In many instances 
the animals are too old when used in 
the experiments to fall within the crit- 
ical age for imprinting, with the result 
that only association learning can occur” 
(italics mine). 

In one of the studies which Hess 
dismisses [H. Moltz and L. Rosenblum, 
J. Comp. and Physiol. Psychol. (1958) ] 
it is stated quite explicitly that all duck- 
lings were exposed to the “imprinting” 
object within 5 to 10 hours after hatch- 
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ing. Since the critical period to which 
Hess refers occurs during the first 13 to 
16 hours from hatching, Moltz and 
Rosenblum’s animals were obviously 
not too old. Therefore, Hess’ dismissal 
of the Moltz-Rosenblum data—data 
which are not in accord with his theo- 
retical position with respect to im- 
printing—was not justified. A similar 
error was made in dismissing two 
studies by Jaynes [J. Comp. and Physiol. 
Psychol. (1956); ibid. (1957)]. Again, 
the subjects employed were not “too 
old,” and the data were contradictory. 

An article of mine, currently in press 
in the Psychological Bulletin, treats the 
experimental results which Hess does 
not consider relevant to his position and 
presents a different explanation of the 
imprinting phenomenon. 

HowarD MOLtTz 

Department of Psychology, 
Brooklyn College, Brooklyn, New York 


The Newtonian Universe 


In a recent issue of Science [130, 328 
(7 Aug. 1959)], M. K. Munitz reviews 
Arthur Koestler’s book The Sleepwalk- 
ers. As I have not read the book, I 
cannot either agree or disagree with 
Koestler. One of Munitz’s notions, how- 
ever, calls for comment. He quotes 
Koestler as saying that “the blueprint 
of the universe remains essentially the 
one Newton drew for us, in spite of all 
disturbing rumours about the curvature 
of space, the relativity of time, and the 
runaway nebulae.” Munitz adds to this 
that “the judgment just quoted is... 
contrary to the most obvious truth and 
in its Own way... perverse. . .,” and 
he indicates that in his view modern 
science has gone far beyond Newton to 
things radically new. 

It seems to me that there is here a 
strong misunderstanding as between the 
constructs of the professional scientist 
and the somewhat simpler conceptual 
universe of the intelligent and educated 
layman. It is no accident that, only two 
generations after Newton, Kant and 
Laplace proposed a vast universe filled 
with innumerable stars at large distances 
from each other which have condensed 
to their present form out of diffuse 
gaseous masses, a concept which we still 
hold today in some only mildly modi- 
fied form. This line of thought is en- 
tirely “Newtonian.” The main thing that 
we moderns have added is the burning 
up of nuclear fuel to keep the stars 
shining. It seems clear that the revolu- 
tionary break is between the universe 
of Aristotle and Ptolemy on the one 
hand and that of Kepler and Newton 
on the other, relativity being also very 
near to Newtonian concepts. So far as 





I can see, there is here a danger that 
we professionals lose touch with the 
philosophy and the concepts of society 
at large. The loss will be both society’s 
and ours. 

WALTER M. ELSASSER 
University of California, La Jolla 


Stored Foodstuffs and Fallout 


Because of the high concentration of 
radioactive fallout in bombed areas after 
a nuclear attack, soils would be con- 
taminated and crops could not be grown 
for a considerable period. The effects 
of this critical period of possible star- 
vation could be mitigated by utilization 
of so-called surplus grains, milk, and 
egg products from storage. The shelters 
that house the foodstuffs would keep 
them from being contaminated by 
strontium-90 and other long-lived radio- 
isotopes. These storage structures could 
be decontaminated far more easily and 
more quickly than the soils on which 
crops would have to be grown, 

Much attention is being given to the 
problem of the accumulation of large 
supplies of surplus grains, milk, and 
egg products in storage in this country, 
and to the cost of maintaining the 
proper storage conditions to insure 
against spoilage. Granted that these 
costs are high, such surpluses never- 
theless constitute the cheapest kind of 
insurance against possible starvation 
periods that would follow an atomic 
holocaust. In fact, protective storage of 
foodstuffs seems to be the only means 
of alleviating, at least to some extent, 
critical food shortages in contaminated 
regions. 

The normal production of new food- 
stuffs would probably be suddenly and 
completely cut off in extensive areas 
beneath bomb bursts. Data are at hand 
that show how long the present stored 
surpluses of foodstuffs would supply the 
population. These data show that stored 
supplies would be consumed in a com- 
paratively short time, even when rationed 
at a bare maintenance level. 

For these reasons I advocate that 
the present levels of stored foodstuffs be 
carefully maintained. More than that, 
a study should be made of possible 
means of improving storage against 
fallout contamination. In addition, con- 
sideration should be given to the ad- 
visability of increasing the stored 
amounts of some foodstuffs and possibly 
decreasing others. Maintaining reserves 
of fiber materials should also be con- 
sidered, particularly of materials needed 
for clothing. 

J. R. NELLER 
University of Florida Agricultural 
Experiment Station, Gainesville 
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Tax Exem pt 


The first Federal income tax law of 1913 recognized that institutions 
promoting scientific research were entitled to tax exemption. Since 
at that time scientific research was largely restricted to universities, 
which were also exempt on educational grounds, no special problems 
about the meaning of the word “scientific” for tax purposes arose and 
the word was, in fact, not defined. 

The extraordinary growth in both applied and basic research in the 
intervening years has not been confined to the universities: numerous 
non-profit institutions, some of which are independent of university 
affiliation or control, have been founded to conduct contract research 
for government and industry. Their existence has led the Bureau of 
Internal Revenue to attempt a definition of what “scientific” means 
for income tax purposes. 

A proposed amendment to the Income Tax Regulations (Federal 
Register, 24:9587, 1 Dec. 1959), which will probably be discussed at 
hearings in the Internal Revenue Service this month, sets forth the 
main criteria to be used in determining whether an organization shall 
enjoy tax exemption on scientific grounds. The major criteria are that 
the organization be operated primarily for fundamental research and 
that the results of that research be freely available to the public. Thus, 
an oganization will not be eligible for tax exemption if its primary aim 
is to do routine testing or applied research (unless such research is done 
for national, state, or local governments) or if it serves a private rather 
than a public interest. The overriding consideration is whether the 
research “is directed not toward promoting private gain, but rather 
toward benefiting the public.” 

The provision for free availability to the public means that the 
research results must not be subject to any restriction or proprietary 
rights and “are made available to the interested public in a practical 
manner and on a non-discriminatory basis.” Any research done for 
a governmental agency will be considered freely available even though 
it may in fact be restricted for security or other reasons. 

What organizations will be affected? Universities, hospitals, and 
organizations operated primarily for carrying on fundamental research 
that is freely available to the public will not be affected. If an institution 
meets this test it is exempt and the exemption includes income derived 
from applied research that is not available to the public. 

The proposed ruling will thus affect those independent research in- 
stitutions that are predominantly concerned with applied research, the 
results of which are restricted or controlled by those who pay for it. 
Many such institutions now claim exemption and they may be expected 
to marshal a strong attack against the proposed regulation. They will 
doubtless point out that their performance of research by contract for 
government and industry is in the public interest and that it is “sci- 
entific” for purposes of tax exemption. If the regulation nevertheless 
goes into effect they may appeal through the courts. If this fails, two 
courses will be open to them: they may either pay tax on that part of 
their income from research that is not exempt or perform enough basic 
research to maintain an exempt status.—G.DuS. 
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Here are two new ways to measure exposure and absorption of Beta, 
Gamma and X-rays. Both have been proved in two years of pre-release 
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Development of a 


Science Policy 


Steps are needed to center full responsibility for 


government programs in the government itself. 


“The liberal spirit which animates 
both Congress and the executive de- 
partments in their dealings with scientific 
affairs is very apt to lead them into the 
support of scientific enterprises without 
any sufficient consideration of the con- 
ditions of success and of efficient and 
economical administration; and a care- 
ful consideration of each proposed 
undertaking by a committee of experts 
is what is wanted to insure the adoption 
of the best methods.” 

These words appeared in an editorial 
in Science published 25 April 1884. 
The magazine Science was then only 
three years old, the American Associa- 
tion for the Advancement of Science 
was 36 years old, and there were only 
four or five government agencies active 
in science. What prompted this editorial 
of 75 years ago were the lively discus- 
sions on the need for a Department of 
Science in the government. Then, as 
now, the scientists as well as other gov- 
ernment officials were divided in opin- 
ion. In 1884 Congress appointed a com- 
mission, known as the Allison Commis- 
sion, to consider the creation of a De- 
partment of Science. The President of 
the National Academy of Sciences, O. C. 
Marsh (a former AAAS president), was 
asked to name members of the academy 
to serve on a committee to assist the 





Dr. Brode, retiring president of the AAAS, is 
science adviser to the Secretary of State, Wash- 
ington, D.C. This article is his AAAS presidential 
address, which was given on 28 December 
1959 during the 126th annual meeting § in 
Chicago, Ill. 
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Wallace R. Brode 


Allison Commission. Among the mem- 
bers named were two distinguished sci- 
entists, Simon Newcomb and Cyrus 
Comstock. This committee was to sur- 
vey and study the procedure of handling 
science in other countries and to recom- 
mend methods of coordinating the sci- 
entific areas. Simon Newcomb had 
served as president of the American As- 
sociation for the Advancement of Sci- 
ence seven years earlier, in 1877, and 
was one of the Navy’s most illustrious 
scientists. General Cyrus Comstock was 
an equally distinguished academician 
who served in the Army. However, the 
Secretaries of the Army and Navy both 
objected to a government scientist from 
their agencies serving on a National 
Academy of Sciences committee which 
was to advise the government. 

One of the most outspoken in favor 
of a Department of Science was Major 
John Wesley Powell, a vigorous and 
colorful government scientist, who was 
chief of the Geological Survey, a non- 
military establishment. Powell appeared 
on 16 occasions before the congressional 
committee. He commented on the elimi- 
nation of Newcomb and Comstock from 
the academy committee and noted that 
the “military officer plans and com- 
mands; the civil officer hears, weighs and 
decides,” and that “the military secre- 
taries did not desire to have their sub- 
ordinates deliberate on questions of 
policy affecting the conduct of the secre- 
taries themselves.” Powell, however, felt 
this suppression was justified in the mili- 
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tary circles but would not have been 
justified in a civilian area. 

The National Academy of Sciences 
committee expressed the feeling “that 
the time is near when the country will 
demand the institution of a branch of 
the executive government devoted espe- 
cially to the direction and control of all 
of the purely scientific work of the gov- 
ernment.” However, if establishment of 
a department could not be effected, they 
felt that a coordinating scientific com- 
mission would be in order. Neither a 
Department of Science nor a Science 
Commission was established, due to 
various factors, including political 
changes in a new Congress. 

Powell supported a Department of 
Science, although he favored some 
modification of the proposals of the Al- 
lison Commission. Powell was elected 
president of the American Association 
for the Advancement of Science in 
1888, and I had thought that his presi- 
dential address before the association in 
1889 might add some comment, in retro- 
spect, to his testimony of four years 
earlier on a Department of Science. 
However, Powell’s presidential address, 
published in the American Association 
for the Advancement of Science’s pro- 
ceedings, was a scholarly ethnological 
discussion on “Evolution of music from 
dance to symphony”—a subject on 
which he, as founder of the Bureau of 
American Ethnology and a student of 
American Indian culture, was most 
competent to address this association. 

The very fact that the organizational 
issues being considered 75 years ago are 
basically identical to those of today 
raises this fundamental question: Has 
science changed in relative importance 
over the period of years since the found- 
ing of our country? Jefferson, as Secre- 
tary of State in our first cabinet, was in 
a sense also Secretary of Science be- 
cause he handled such areas as patents, 
decimal coinage, and our standards of 
length and weight. Each major scientific 
or technological development has in its 
period of history created startling and 
revolutionary changes in the daily pat- 
tern of life. The telegraph as compared 
to the pony dispatch probably repre- 
sented a more radical advance than did 
the telephone over the telegraph, the 
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radio over the telephone, or television 
over the radio. The electric light had just 
been introduced in 1884, and there ap- 
peared in the literature pronouncements 
about the “impact of science” which are 
as current as if made today. 

Although it would appear that prob- 
lems which existed earlier are still with 
us today, they are actually compounded. 
Whereas Thomas Henry, Asa Grey, 
Wolcott Gibbs, and others in the past 
produced their discoveries and theories 
as individuals, many of today’s ad- 
vances represent the work of teams, 
whole laboratories, and industries. This 
complexity in the scope and size of 
scientific operation will not remain static 
but will continue to increase dynami- 
cally. 

Hence, the concern of the scientific 
community is justified. If one feels that 
present arrangements are unwieldy 
enough today, what will their state be 
in another 100 years? 


Recent Developments in a 


National Science Program 


The American Association for the Ad- 
vancement of Science has led in explor- 
ing these problems through its Parlia- 
ment of Science, its Basic Research 
Symposium, its regular meetings, its pro- 
grams, and its publication Science. 
These have all helped to stimulate the 
consideration of our science policy. In 
the past two decades there have been a 
number of governmentally appointed 
boards, panels, and commissions, to 
evaluate the place of science in our na- 
tion and government. Nearly 15 years 
ago Vannevar Bush, as the coordinator 
of the nation’s defense research, issued 
his famous treatise Science, the Endless 
Frontier. In 1946 the President of the 
United States created a President’s 
Scientific Research Board, under the 
chairmanship of John R. Steelman, to 
study science and public policy; and in 
1947 this board issued a four-volume 
work known as the Steelman Report, 
under the title Science and Public 
Policy. Six years ago the Commission 
on Government Reorganization, also 
known as the Hoover Commission, was 
concerned with our expanding govern- 
ment. In 1956, the President’s Commit- 
tee on Scientists and Engineers was 
created; in 1957 the President’s Science 
Advisory Committee was established, 
and upon the recommendation of this 
body in 1959 the Federal Council for 
Science and Technology came into exist- 
ence. 
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All of these groups have devoted con- 
siderable time and energy to various 
phases of government operation and the 
role of science. The National Science 
Foundation is a direct result of recom- 
mendations made by Bush and the Steel- 
man Report. As a result of the Hoover 
Commission studies there evolved the 
Department of Health, Education, and 
Welfare, which encompasses major 
social and health agencies, but whose 
ultimate formation was not accom- 
plished without considerable controversy 
and discussion. 


Priorities—Imbalance 


A recent editorial in one of our na- 
tion’s leading papers notes that chair- 
man McCone of the Atomic Energy 
Commission “is convinced that the 
United States—if it is not to become 
technologically and economically in- 
ferior to the U.S.S.R.—must work out 
methods of marshalling its scientific and 
technical talents for concentrated top 
priority work on projects of overriding 
significance.” McCone further proposed 
that this increased activity in a specific 
scientific field should be made “at the 
expense of projects of lesser impor- 
tance.” If one did not know the scientific 
subject matter of chairman McCone’s 
agency, one might well ask, “Is this 
space, oceanography, undersea geology, 
meteorology, medicine, education, high- 
energy physics, atomic energy, food, 
materials, weather and smog control, or 
transportation?” Each of these areas has 
supporters who feel that programs vary- 
ing from ten million to ten billion dol- 
lars a year are essential to scientific 
progress. 

This overriding or top-priority atti- 
tude of some specialists is a reflection of 
the enthusiasm for one’s own field of 
specialization. However, a crisis has 
been reached in this overlapping ex- 
pansion and growth of our science pro- 
grams, so that none of these major pro- 
grams can be adequately supported ex- 
cept at the expense of the less glamorous 
areas of science, education, and culture, 
which are, nevertheless, essential to our 
basic welfare. 

Why have we arrived at this state or 
crisis? The answer is expediency. The 
immediate conditions and circumstances 
existing at the time determine which 
programs are “top priority.” Even when 
the stimulating conditions have been re- 
moved, the top-priority label is often 
maintained. Then another set of circum- 
stances dictates the creation of another 





top-priority label assignment to another 
area of science. 

Even though “atoms for peace” is 
slowly being transformed into “science 
for peace,” there do exist separate 
areas of nuclear and atomic research 
which enjoy an elevation high above 
science in general. Many less well de- 
veloped nations have devoted time and 
resources to nuclear and atomic pro- 
grams rather than basic science. There 
are areas of the world where basic edu- 
cation, health, and agricultural training 
should predominate, but we find these 
countries building nuclear reactors by 
crude methods of hand labor. When we 
ask what is to be done with the reactors 
we are advised that they are training 
reactors, to train people to run more 
reactors. 

The latest area of science which is 
capturing the minds and purse of our 
nation is space. There are a number of 
good contenders in the race for future 
top-priority assignments. Perhaps the 
next will be oceanography, weather, or 
materials research. We do favor ad- 
vances in these areas of science; we need 
this progress, but this progress should 
not be effected through a corresponding 
reduction in the rate of advance for 
other equally important areas of science. 

How can projects which are “over- 
riding” and those which are of “lesser 
importance” be identified? Who is to 
make this allocation of relative effort? 
One of the most difficult tasks facing us 
is to achieve a long-range planning ef- 
fort which would remove expediency as 
the sole controlling factor. A national 
science policy is needed for a wise and 
rational distribution of scientific activi- 
ties, so that space, defense, education, 
atomic energy, oceanography, and 
medical research are not bidding against 
each other for limited available support. 
The growing demand for scientists in 
the face of a limited supply of scientists, 
materials, funds, and facilities requires 
major policy decisions as to the distribu- 
tion of resources. These decisions should 
of course include the extent to which 
specialized agencies may recruit by 
scholarship, fellowship, and research 
support. 

Every enthusiastic scientist with a 
dream for the future can envisage space 
ships at his command; areas of flashing 
lights and computing machines reading, 
translating, abstracting, and digesting 
the world’s literature, even solving the 
problems punched into the machine; or 
reflecting radio telescopes a mile in 
diameter to enable him to communicate 
with other worlds. However, there must 
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be a limit, and not only must scientists 
realize that there should be a relative 
priority assigned to areas of science but 
there should also be recognition that 
scientific programs do not all have 
priorities that override economic, politi- 
cal, educational, and social develop- 
ments. 

With tongue in cheek, a past president 
of the American Association for the Ad- 
vancement of Science, Warren Weaver, 
approached this problem of super-pro- 
grams and priority assignments in a 
recent article in Science [130, 1390 (20 
Nov. 1959)], in a clever satire on the 
“Report of the Special Committee.” The 
“Weaver Report,” along with Parkin- 
son’s Law, may provide the means for 
arriving at some solution to our prob- 
lem, by taking a distorted view and 
working backwards toward a rational 
solution. 


Current Research Support 


We have seen a marked shift in the 
responsibility for the support of scien- 
tific research in the past 30 years. In the 
1930’s the government was supporting 
only about 15 percent of the nation’s 
basic research, which was almost ex- 
clusively in its own laboratories. Today, 
the federal government is supporting 
about 85 percent of the nation’s basic 
research, of which still only about 15 
percent is in its own laboratories. This 
great growth, in both percentage and 
total amount, has been primarily in re- 
search support in industrial and educa- 
tional contracts. Today our govern- 
ment’s total budget is many times larger 
than the budget of the 1930’s, and four- 
fifths of this budget is for defense activi- 
ties and less than one-tenth, for normal 
governmental activities. The expendi- 
ture of 1 percent of the defense agen- 
cies’ budget (and I am including the 
area of applications of atomic energy 
and space research as defense) in sup- 
port of research means about $500 mil- 
lion a year, which is about 85 percent 
of the nation’s program in research. This 
means essentially that our scientific re- 
search program is directed and guided 
by these agencies. 

It is certainly true that after World 
War II there was an emergency situa- 
tion and that without the aid given our 
educational and research programs by 
government agencies concerned with 
defense and applied sciences we would 
be in a sorry mess, unless—and this is 
the great unknown—the pressure of the 
situation would have been sufficient to 
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create a more logical civilian support to 
this civilian activity. It is generally 
agreed that the initial “bailing out” of 
universities by the opulent agencies re- 
quired only a small portion of their total 
budgets and was a good thing in the 
immediate situation. Just how much this 
expedient delayed general support to 
science education, coordinated science 
programming, or a national science 
policy is unknown and may never be 
clearly recognized. 

The Steelman Report recommended 
that the National Science Foundation 
should support basic research in govern- 
mental establishments as well as in uni- 
versities, yet the pattern of today’s 
grants is essentially to universities and 
does not combine what could be the 
government’s broad interest and co- 
ordination of the entire national science 
program. 

In many of the basic-science areas of 
the government, such as the National 
Bureau of Standards, the Weather Bu- 
reau, the Geological Survey, the Bureau 
of Mines and the Forest Products Lab- 
oratory, which are attached as append- 
ages to major departments, personnel 
supported by direct appropriation are 
essentially at the prewar level of the 
1930’s. The growth of the bureaus 
needed to keep up with our expanded 
science program is almost entirely de- 
pendent, as have been our universities 
for support in research, on contracts 
from the large agencies concerned with 
applied sciences and defense. Another 
justification for the continuance of re- 
search support both in universities and 
in nondefense government laboratories 
by the major agencies concerned with 
defense and applied sciences has been 
that with multiple supporting agencies, 
contractors can shop for different spon- 
sors. Since this research is only a minor 
function of the supporting agency and 
often is not directly related to its mis- 
sion, less coordination might be ex- 
pected than if all funds came from a 
single agency whose principal function 
was to support our national science and 
educational program. 

In the establishment of the National 
Science Foundation many of us who 
followed the discussion of its formation 
felt that the nation’s responsibilities in 
basic research would, to some extent, 
be absorbed from other government 
agencies concerned with applications 
who had assumed some of these respon- 
sibilities. To prevent a drastic movement 
of the support of basic research to the 
National Science Foundation, it was 
actually indicated that the various agen- 


cies concerned with applications should 
continue to support, in their own organi- 
zations, “basic research in areas which 
are closely related to their mission.” 

There was no intention of removing 
basic research from agencies and labora- 
tories which require it in their develop- 
mental activity. In fact the thinking 
scientist has often been worried to find 
that there did not appear to be a suf- 
ficient guarantee of adequate interest 
and support of necessary basic research 
in the agency esiablishments concerned 
with applications. 

Most of our technological agencies 
have special authorizations in their en- 
abling acts permitting them to engage 
in basic research in support of the ob- 
jectives of their mission. So far as I 
know there has been no question raised 
as to whether such research was proper. 
However, many technological agencies 
have used such a research authorization 
to justify their support of research pro- 
grams in all areas of science rather than 
in those areas which would appear to be 
directly concerned with their proper 
mission. Even the National Science 
Foundation, which has a rather broad 
mission concept, is aware that certain 
phases of science, such as medicine 
and agriculture, are in the areas of 
responsibility of other government 
agencies. 

Nearly all of the agencies concerned 
with applications have indicated that 
they feel a responsibility to help train 
the research workers of tomorrow 
through scholarship and research grants. 
If such agencies strongly felt a responsi- 
bility, they would show no reticence in 
providing such funds to the universities 
as university grants, or in transferring 
these funds to the National Science 
Foundation to augment a planned na- 
tional program of general support. What 
is disturbing is an insistence by each 
agency that its grantirs office should be 
able to select and direct both the recipi- 
ent and the subject of research so as to 
exercise a guiding hand in our educa- 
tional and research institutions. These 
amounts are not small, for they con- 
stitute much more than half of the total 
support to basic research in this country. 

The problem which concerns us is 
that Army, Navy, Air Force, and space 
and atomic energy agencies have had to 
assume responsibility for contracting for 
this very extensive amount of basic re- 
search in universities, foundations, and 
government laboratories both here and 
abroad in all phases of science. While 
most of these supported groups and 
many scientists in this country do not 
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question the source of the “money in the 
collection plate,” it has become more ap- 
parent to me in dealing with foreign 
science programs that there is hesitancy 
abroad on the part of scientists or uni- 
versities at becoming involved in pro- 
grams supported by a foreign military 
agency. This is especially so where the 
country is essentially neutral or where 
the program is not a part of a mutual 
defense act in which the scientist’s own 
country is participating and to which 
the proposed program is attached. 

With the great increase in recent years 
in the support of basic research by pub- 
lic agencies and foundations and the 
predicted doubling of research in the 
next ten years, there is reason to feel 
that a more orderly way of funding 
might be evolved than reliance on a 
multiplicity of sponsors. The urgency 
of the need for a revision of our pro- 
gram methods becomes greater as the 
size of programs increases so as to in- 
volve large sums of money, large num- 
bers of individuals, and many research 
facilities. The pressures for priority 
action on massive programs, such as 
those concerned with space ships, new 
sources of energy, or weather control, 
often develop in the nonscientific politi- 
cal or economic areas and work their 
way towards the university, industrial, 
and government research worker. 


Obligation To Continue Support 


Many of us are concerned, as was 
Eliza Doolittle in Shaw’s Pygmalion 
(and in My Fair Lady), who plaintively 
asked “What’s to become of me?” when, 
after being raised to a level of com- 
petence and ability, she was threatened 
with the possibility of being cut off from 
her subsidized support and faced the 
prospect of being heaved out on the 
streets and having to shift for herself 
again. 

The government has a responsibility, 
which will certainly grow in size and 
scope, to support a major share of the 
nation’s research and applied-science 
programs. This responsibility in the area 
of advanced scientific education and 
basic research in universities, institutes, 
and government laboratories must be 
fully met if we are to maintain a tech- 
nological leadership in the world. 

There should be a revision and re- 
alignment of our support so as to pro- 
vide more direct and less controlling 
support to universities, and greater di- 
rect support to government basic-science 
programs in the government’s own lab- 
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oratories. Serious consideration should 
be given to the reduction or elimination 
of “convenience” or synthetic scientific 
agencies which, while operating as non- 
government laboratories or institutions, 
are doing almost exclusively govern- 
mental work with government funds. 
These laboratories should be made bona 
fide government laboratories, and they 
should be so directed and set up as to 
permit the government to do its own 
essential scientific work under working 
conditions which are most conducive to 
efficient and effective operation. 

I feel that the government does have 
a responsibility to continue to support 
science, just as it has a responsibility for 
health, agriculture, and defense. There 
must, however, be some instrumentality 
with a considerable degree of control, 
which can decide when to support, when 
to taper off, or when to terminate vari- 
ous research programs—and such re- 
sponsibility must eventually center in a 
coordinating establishment such as a 
Department of Science. 


Government Scientists 


If we are to maintain in the govern- 
ment high-level policy and research 
positions for scientists we must provide 
compatible employment and a challenge 
to their capabilities in the responsibili- 
ties assigned them. It is difficult to at- 
tract or hold good scientists if there is 
no future level of administrative or re- 
search responsibility which they can ex- 
pect to reach. Much of the government 
funds for applied research for the gov- 
ernment is used to maintain non-civil- 
service laboratories or organizations 
such as Los Alamos, ARPIA-IDA, 
Lincoln, Brookhaven, Oak Ridge, the 
Applied Physics Laboratory, and many 
industrial laboratories. These quasigov- 
ernmental laboratories provide higher 
salaries and better working conditions 
than are provided scientists in the gov- 
ernment and—perhaps most important 
to the scientist—provide high-level, 
polity-type positions of responsibility, 
and the employees are treated as non- 
governmental scientists in dealing with 
the government. It would seem that a 
number of these contract operations in 
science and technology should be re- 
examined to determine whether there 
should be an improvement in the status 
of the government-employed scientist 
and direct absorption of much of this 
work in a Department of Science or 
other coordinating science structure in 
our government. 


One interesting recommendation of 
the Steelman Report was that the board 
of the National Science Foundation 
should be composed of “distinguished 
scientists and educators to be drawn one- 
half from the Government and one-half 
from the outside.” Actually the board 
includes no government scientists but 
is made up exclusively of university and 
industrial leaders, with university per- 
sonnel predominating. In selecting per- 
sonnel to run government departments, 
bureaus, or offices it is generally the 
procedure to try to find someone to 
bring in from the outside. Usually such 
a person is on leave of absence from his 
industry or university for one or two 
years. Seldom is the appointment of 
a career civil servant seriously con- 
sidered, even though there are in the 
government career civil servants who 
may be recognized in other nations as 
world authorities and leaders in the field. 

There should be established a policy 
whereby top management is not main- 
tained on a rotational system by persons 
who are not directly associated with gov- 
ernment operations. It is certainly true 
that many a highly respected and com- 
petent university professor, lawyer, or 
businessman has at considerable sacri- 
fice of time and money, and often of 
prestige, agreed to come to Washington 
for a one- or two-year period to pitch in 
and help run the government. Neverthe- 
less, the government should develop 
within its own establishment sufficient 
capability to operate its agencies, and 
our policy decisions, whether they be in 
science, taxation, or welfare, should not 
be made without guidance from person- 
nel experienced in governmental opera- 
tions. 


Determination of Future Policy 
in Science 


The problems to be faced are these: 
(i) determination of the direction in 
which science will advance and of the 
areas in which continuing or new pro- 
grams are to be supported; (ii) the em- 
phasis and relative priorities to be placed 
on scientific programs, including not 
only the “top-priority” programs but 
also the minor programs which need to 
be kept alive and operating on a modest 
scale; (iii) the administration, financing, 
evaluation, and support of our science 
programs within the government; and 
(iv) the distribution of responsibility for 
the carrying out of scientific programs 
between government laboratories and 
university, private, industrial, domestic, 
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and foreign (intergovernment, govern- 
ment, and private) facilities. 

The directions in which science 
should be encouraged to advance will 
in part be spontaneously determined for 
us by the inquisitive research worker 
who has been given freedom to probe. 
Essentially this is exploratory research 
and should be supported by institutions, 
so that research workers may spend a 
reasonable portion of their time in ex- 
ploration. In addition to this limited area 
of free research there is our major area 
of programed research, for which there 
should be some over-all plan. Such a 
plan must establish the relative priori- 
ties or emphasis and the rates at which 
certain programs should be pursued. 

Our problem today is that we have 
reached a saturation point with respect 
to available personnel. Hence, further 
expansion or support in many fields 
must of necessity require reduction of 
the active available material in other 
science programs. Such a disturbance in 
our present unstable equilibrium of 
distribution of effort is particularly felt 
when massive new programs are in- 
itiated, such as new billion-dollar efforts 
in space, oceanography, or health. 

The Hoover Commission noted that 
our government is expanding to such an 
extent that the executive branch has 74 
agencies “which divide responsibility 
and which are too great in number for 
effective direction from the top.” The 
commission recommended that certain 
of these should be “grouped by related 
function under the heads of depart- 
ments.” They indicated “in many cases 
several agencies each have a small share 
in carrying out a single major policy, 
which ought to be the responsibility of 
one department.” In summary they con- 
cluded that the government must “create 
a more orderly grouping of the func- 
tions of government into major depart- 
ments and agencies under the Presi- 
dent.” 

The Steelman Report in discussing 
the creation and operation of a proposed 
National Science Foundation suggested 
that the Foundation “should be located 
within the Executive Office of the Presi- 
dent until such time as other federal 
programs in support of higher educa- 
tion are established. At such time, con- 
sideration should be given to grouping 
all such activities, including the Na- 
tional Science Foundation, in a single 
agency.” «fhe National Science Founda- 
tion, which was subsequently estab- 
lished, has a more scientific than edu- 
cational mission, and with the estab- 
lishment of other new science agencies, 


1 JANUARY 1960 


such as the space agency, it would ap- 
pear that the Steelman recommendation 
might well be applied in principle to- 
ward the creation of a Department of 
Science. 


Coordination of Science 
in the Government 


There is little if any opposition to 
the broad concept that as scientific or 
any other activity grows in size and 
complexity and begins to be a major 
consumer of personnel, funds, and 
facilities in our economy and culture, 
some consideration should be given to 
increasing efficiency in the utilization of 
our limited resources through suitable 
coordination and planning. 

The President’s Science Advisory 
Committee, a group of nongovern- 
mental scientists, in viewing from out- 
side the government the problem of 
science in government, suggested that 
there should be created some instru- 
mentality to promote closer cooperation 
among federal agencies in planning and 
managing their program in science and 
technology. They recommended the 
establishment of a Federal Council for 
Science and Technology, and the Presi- 
dent issued an executive order accord- 
ingly, in March 1959. This council is 
an inside-the-government group consist- 
ing of policy members of departments 
or agencies concerned with science. The 
representatives, however, need not be 
scientists, and as the council is presently 
constituted, many are not scientists. 

It would seem reasonable that the 
Congress should be able to seek advice 
and counsel from a coordinated science 
leadership in the government. Early 
this year the chairman of the con- 
gressional committee held hearings 
on a possible Department of Science 
and sought the appearance as a witness, 
for advice and comment, of the chair- 
man of the newly created Federal Coun- 
cil for Science and Technology. The 
council chairman declined to appear, on 
the grounds that he was a privileged 
member of the President’s staff, yet as 
head of the Federal Council for Science 
and Technology he was responsible for 
the organization which was charged with 
making recommendations for the crea- 
tion of effective means of promoting a 
more efficient, coordinated science pro- 
gram in the government. It was my own 
opinion, which I expressed when, as 
president of the American Association 
for the Advancement of Science, I was 
asked to appear before the same con- 


gressional committee, that a strong and 
responsive Federal Council for Science 
and Technology might well evolve into 
a Department of Science. 

The inability of the Congress to draw 
on the advice of the existing Federal 
Council for Science and Technology is 
in itself an indication of the need to 
separate our science coordination direc- 
tion from the President’s own office and 
Science Adviser so that the coordinated 
leadership in science in the government 
may speak with the authority of the 
group it represents rather than only 
through the President. I feel that the 
President should continue to have a 
strong science adviser, however, in the 
presentation of a science program for 
the government. The leader of the pro- 
gram should be able, like the heads of 
other agencies, committees, depart- 
ments, or commissions, to speak for his 
agencies before the Congress, and also 
to report the findings and recommenda- 
tions of those agencies to the President. 
It would seem that in the organization 
of science and our governmental science 
policy, as in the areas of labor, com- 
merce, the military, health, education, 
and agriculture, it should be possible 
for the planning and organizing com- 
mittees of Congress to have reasonable 
access to the agency in question for ad- 
vice and assistance. 

The President’s Science Advisory 
Committee considered the suggestion of 
a Department of Science as a proposed 
solution to the problem of coordinating 
the nation’s science programs but de- 
fined a Department of Science as a de- 
partment which would bring together 
“all of the government’s numerous 
scientific and technological operations,” 
including the scientific phases of de- 
fense, agriculture, and health which 
were directly related to the missions of 
the agencies with responsibility in these 
areas, and pointed out that such opera- 
tions “could not be - satisfactorily 
administered by a department far re- 
moved from the problems that are to be 
solved.” This is a synthetic defense in 
that elimination of research or develop- 
ment work pertinent and essential to the 
proper missions of these agencies was 
not proposed or recommended by the 
promoters of the legislation actually be- 
fore Congress. The proposed legislation 
for a Department of Science was some- 
what nebulous, but its main purpose was 
to stimulate discussion, and its origina- 
tors recognized that it did not present a 
Department of Science concept that 
would be fully acceptable to all. 

I consider as not of significance the 
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arguments presented in the congres- 
sional hearings in which those who op- 
posed a coordinated science program 
maintained that such a program would 
place too much centralization of au- 
thority in a single agency and establish 
too much government contro!. Neither 
argument is tenable if proper adminis- 
tration is provided and safeguarded. 

A corrupt and mismanaged program 
would be bad, but to argue against any 
coordination on the grounds that it 
could be bad is just not logical. We 
should favor a governmentally sup- 
ported program and at the same time 
incorporate into such a coordinated pro- 
gram the essential safeguards used in 
our local, state, national, and interna- 
tional institutions, both governmental 
and private. 

Belgium, France, South Africa, and 
England have created cabinet or semi- 
cabinet posts for science departments. 
England has already indicated the na- 
ture of agencies to be absorbed into such 
a collation. These include space, atomic 
energy, health, research grants, and 
specialized science agencies such as 
standards, weather, patents, and science 
information. In his first press conference 
Lord Hailsham, Lord Privy Seal and the 
new Minister for Science in the British 
Cabinet, pointed out that “whether or 
not there is a need for a Minister or 
Ministry [in science] .. . there is a need 
for a policy in science and that policy 
cannot be a product of government 
thinking alone.” Lord Hailsham em- 
phasized ihat his Advisory Council on 
Science Policy “provides one of the 
keys to the present situation composed 
as it is of a unique connexion of Gov- 
ernment and non-Government scien- 
na! 

Pioneering in the creation of a De- 
partment of Science in a government 
took place in this country about 100 
years ago, under somewhat unusual 
circumstances. In the process of review- 
ing material for this presentation I be- 
came interested in how many presidents 
of the American Association for the Ad- 
vancement of Science had been govern- 
ment scientists for a considerable por- 
tion of their careers. I found that about 
30 out of the 112 had been government 
scientists. One of the former presidents 
of the American Association for the 
Advancement of Science was John L. 
LeConte, in 1874. In looking up his 
background I was intrigued to find that 
he had two cousins, Joseph LeConte and 
John LeConte, who had served as mem- 
bers of the Science Department of the 
Jefferson Davis government during the 
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Civil War. Joseph LeConte also became 
president of the American Association 
for the Advancement of Science in 
1892. 

If we accept the concept that we need 
a national science policy to guide our 
scientific effort, and if, as a result of 
suitable commission and congressional 
action, formation of a Department of 
Science is proposed, we should be cer- 
tain that it is in fact as well as in name 
an operating department. It should not 
be a superstructure imposed on existing 
organizations, but it should represent 
an honest and real effort to mesh the 
scientific interests and objectives of our 
government in the fullest possible utili- 
zation of resources. Thus, a Department 
of Science, while not removing from 
agencies such as Defense and Agricul- 
ture, concerned with applications, the 
research programs specific to their mis- 
sions, should include all major segments 
of science not specifically pertinent to 
those missions. It should have separate 
bureaus or institutes with suitable direc- 
tors of distinction to deal with space, 
atomic energy, medicine, weather, pat- 
ents, science information, physical 
science, geology, and other recognized 
areas of importance. Each director 
should be aided by an advisory panel of 
experts in his area, drawn from aca- 
demic, industrial and government 
sources. 

To provide the Department of Science 
administrative head with broad and 
helpful advice it would seem reasonable 
to create an advisory council, which 
might be designated a National Science 
Council. Such an advisory group should 
not be exclusively academic but should 
include representation from govern- 
ment, science, and industry as well. Its 
principal responsibility would be to pro- 
vide the Science Department administra- 
tive head with broad advice which might 
be helpful in arriving at decisions on the 
extent and character of support which 
the government should provide both to 
science programs in the government 
and, through contracts or grants-in-aid, 
to industry and universities—in short, 
the implementation of a National Sci- 
ence Policy. 


Commission To Study Problem 


These comments of mine on the crea- 
tion of a Department of Science and a 
National Science Council have been 
postulations based on the needs that 
exist to coordinate governmental sci- 
ence, to create a National Science 


Policy, and to establish a liaison between 
governmental, academic, and industrial 
science (J). Before firm and thorough 
recommendations can be made, a com- 
mission should be established to study 
all of these questions very seriously. 
Such a commission should include rep- 
resentatives of government and of the 
academic and industrial community in 
both scientific and nonscientific areas. 
If the United States is to achieve a 
balance not just in its budget but also 
in its scientific programs, both im- 
mediate and long-range, there has to be 
a thoughtful and penetrating analysis of 
the problem. There must be the maturity 
of judgment and the courage of action 
required to change existing institutions, 
procedures, or philosophies where it is 
necessary. Where necessary there must 
be a facing of the problem and recom- 
mendation of essential drastic action, so 
as to avoid continuance of methods or 
actions which merely postpone the day 
when action must be taken. 


Conclusion 


The retiring presidential address be- 
fore the American Association for the 
Advancement of Science is a personal 
presentation of my own ideas and is not 
intended to present the opinion of the 
association. Last year’s speaker, Law- 
rence H. Snyder, presented a thesis on 
genetical concepts which were those of 
the speaker on that occasion. When a 
university professor presents a paper 
before this association it is taken for 
granted that his opinions are his own 
and not those of his university. In my 
presentation I have pressed for a more 
academic status for the government 
scientist, with opportunity to present for 
discussion and consideration before his 
fellow scientists his own concepts per- 
tinent to science. I realize that there are 
many, including some members of the 
association’s board of directors, who do 
not fully support or entirely share 
some of the ideas contained in my 
presentation. 

In conclusion I would urge that some 
form of commission or study group 
should be established to give careful 
consideration: to the problem of organi- 
zation of science and science policy in 
the academic, industrial, and govern- 
mental areas of the nation, and that in 
this study serious consideratien should 
be given to the following concepts. 

1) There should be a regrouping of 
some of the government’s scientific 
agencies or activities: either a Depart- 
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ment of Science, a National Science 
Institute, or some other coordinated 
structure. A well-developed coordina- 
tion must be established between the 
regrouped combination and those sci- 
entific agencies which remain separate, 
so as to insure an efficient and com- 
prehensive National Science Program. 

2) There should be a realignment of 
the distribution methods and responsi- 
bility for support of basic research in 
our educational institutions, with a 
movement toward university grants, 
administered largely by a department 


concerned with basic research, rather 
than by agencies concerned with ap- 
plications. This may well need to be 
coordinated with the growing problem 
of support for our advanced-education 
program in all areas. 

3) There should be some separation 
of governmentally sponsored, major re- 
search institutions from our educational 
and industrial system, especially of those 
institutions which are essentially con- 
cerned with applied science. There 
should be a greater acceptance of the 
idea of operation of such institutions 


How Our Air Force Supports 


Basic Research in Europe 


This unusual program of military support for 
open research abroad has won widespread approval. 


A visitor to the European Office of 
the U.S. Air Research and Development 
Command (EOARDC), a unit of the 
U.S. Air Force that occupies suites 
on the top three floors of the Shell 
Building in Brussels, Belgium, is im- 
mediately struck by the absence of three 
powerful military symbols: the uniform, 
the armed guard at the gate, and the 
visitor’s register. 

When questioned recently about this 
apparent anomaly, Col. Nathan L. Kris- 
berg, commander of the European 
Office, replied: “It is not our intention 
to disguise the essentially military nature 
of this enterprise, but we do want to 
emphasize to visiting European scientists 
that our mission can be accomplished 
only through the open support of open 
research.” 

Now in its eighth year of operation, 
EOARDC is administering 306 research 
contracts, totaling some $6,591,478, 
with scientists in universities, research 
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institutes, and industrial organizations 
in 16 countries of Western Europe and 
the Middle East. In the course of its 
development, it has worked out a pro- 
curement system which seems, on the 
basis of interviews with some of its 
contractors, to be regarded as both strict 
in its demands and wise in its under- 
standing. . 

The European Office is, in the words 
of its statement of mission, “established 
to procure in Free Europe research and 
development in support of the mission 
of the Air Force and provide a scientific 
liaison fostering mutually beneficial re- 
lations between the United States and 
European scientific communities.” 

The mission of the parent ARDC is 
to support the conduct of basic research 
on behalf of the Air Force, to develop 
new and improved devices, processes, 
and techniques, and to maintain qualita- 
tive superiority of materiel. From its 
headquarters at Andrews Air Force 
Base, a few miles across the Maryland 
border from Washington, D.C., ARDC 
divides its various responsibilities among 


under an improved, directly govern- 
mental administration. 

4) The liaison of scientists in govern- 
ment with scientists in the academic field 
and in industry should be represented 
by a National Science Council in such a 
manner as to be compatible with the 
maintenance of our broad culture and 
balanced development. 


Note 
1. The opinions presented in this article are 
not intended to reflect the opinions of either 
the National Bureau of Standards (Depart- 
ment of Commerce), with which I was previ- 
ously affiliated, or of the Department of State. 


ten research centers throughout the 
United States, which perform laboratory 
and contract research, development, and 
testing aimed at the improvement of 
vehicles, weapons, and personnel train- 
ing. To tap the additional and often 
unique scientific resources available in 
Western Europe, ARDC established its 
European Office in 1952. 

The generous allocation of support 
to the EOARDC program is positive 
evidence of its success in contributing 
to the military mission of the U.S. Air 
Force. But even more significant may 
be the contribution of the European 
Office to the cause of world peace, for 
it has demonstrated that an intelligently 
administered program of international 
support for scientific research weaves 
a sturdy fabric of understanding among 
nations that cannot be purchased with 
dollars alone and can serve as a tem- 
plate for long-overdue civilian enter- 
prise in this direction. 


Proposals Evaluated in U.S. 


European investigators in all fields of 
the natural sciences are urged to sub- 
mit proposals to the Brussels office for 
the support of their research. They are 
promised freedom to publish results of 
their work in the open literature and, 
indeed, are urged to publish. Incoming 
research proposals are screened in Brus- 
sels by a crew of Air Force scientists, 
all experienced in laboratory or bench 
work, and approximately 75 percent of 
the proposals are routed to one or more 
ARDC laboratories in the United States 
for evaluation. If an ARDC laboratory 
wishes the proposed research to receive 
support, it must provide the funds out 
of its own budget and authorize their 
transfer to EOARDC, where the final 
contract will be drawn up. 
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The contract will call upon the con- 
tractor—in most cases a principal inves- 
tigator representing a semiautonomous 
university-affiliated research team—to 
exercise his “best efforts” in the pursuit 
of a specified goal. The terms, based 
upon previous negotiations between the 
principal investigator and an EOARDC 
procurement officer, provide for pay- 
ment by the Air Force of all or part of 
his expenses in salaries, expendable 
equipment, and—in some instances—the 
cost of new capital equipment. In 
return for this Air Force outlay, the 
contractor is required to file quarterly 
reports on progress, a final report on 
results, and technical notes at natural 
intervals in the research program. The 
contract may also call for a strict ac- 
counting of all expended equipment; 
whether this is the case depends upon 
the type of contract instrument chosen. 

Contracts with scientists in each 
European country are preceded by co- 
ordination which involves explanation 
of EOARDC’s objectives and methods, 
first through the United States Embassy 
in each country, then through the local 
foreign office, and finally through the 
appropriate civilian or military agency 
concerned with research and develop- 
ment. This sometimes tortuous path is 
one which fortunately must be broken 
only once for each country. Responsi- 
bility for the maintenance of diplomatic 
relationships is shared between EOARDC 





The procurement officer and the technical project officer discuss a proposal for USAF- 
supported research with Prof. Pol Swings. (Left to right) Capt. Clifford C. LaPlante, 
Lt. Col. Albert C. Trakowski, and Prof. Swings. 
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and the United States air attachés in 
each country. 

Responsibility for the continuing re- 
lationships with contracting scientists, 
however, lies solely with the commander 
of EOARDC. Serving under him at the 
present time is a staff of 48, including 
19 officers. Most of the officers are in 
line of command, assigned to one of 
three directorates: Resources, Technical 
Operations, and Procurement. 

The staff is housed in a large office 
building containing no other military 
installation, in the capital of a country 
in which the United States has no fight- 
ing troops. Air Research and Develop- 
ment Command men stationed in the 
Brussels office wear civilian clothes dur- 
ing their three or four years of duty 
there. 


Active Contracts Listed 


It is the Directorate of Technical 
Operations which conducts the central 
assignment of the office. Acting director 
at the time of this writing was Lt. Col. 
Albert C. Trakowski, Jr., also chief of 
the Physical Sciences Division. There 
are also divisions of Bio-Sciences, Aero- 
nautics and Propulsion, and Technical 
Information, but, as might be expected, 
the physical sciences occupy most of 
the technical-operations personnel, and 
a large part of the total of authorized 


wi 





Table 1. Summary of active European contracts 
as of 1 January 1959. 








Science Authorized funds 
Biosciences $ 941,458 
Chemistry 504,915 
Electronics 1,904,293 
Geophysics 936,816 
Materials 164,662 
Materiel 90,092 
Mathematics 108,017 
Mechanics 538,762 
Metallurgy 305,192 
Physics 633,431 
Propulsion 199,509 
Solid-state sciences 242,131 
Armament 22,200 





funds is allocated to them. A summary 
of active European contracts as of 
1 January 1959 is given in Table 1. 

Substantial expenditures in support of 
the life sciences reflect the almost 
single-minded zeal of Lt. Col. James P. 
Henry. From April 1956 to November 
1958 he handled alone the assignment 
of technical operations in the bio- 
sciences, monitoring some 50 contracts 
in his field, most of which he had played 
a large part in originating. Working 
closely with an old associate, Harvey E. 
Savely, Jr., of the Air Force Office of 
Scientific Research, Henry sees in his 
research-support program the means for 
developing deeper insight into the learn- 
ing process, stronger defenses against 
the effects of sensory deprivation in 
space flight, and greater understanding 
of the nature of environmental stress 
in the piloting of supersonic aircraft. 

Most of his leads, Henry says, emerge 
from conversation with European scien- 
tists, some of whom are already under 
EOARDC contracts; others are offered 
by visiting colleagues from ARDC and 
the Office of Naval Research, Ameri- 
can contractors to ARDC, and private 
investigators in the United States. Henry 
pays close attention to European scien- 
tific journals and the proceedings of ap- 
propriate meetings in Western Europe. 
He will grant that the program he has 
helped develop for the ARDC among 
European scientists does not cover all 
parts of the life-sciences spectrum, but 
he feels that it is his mission to develop 
a program whicl corresponds to his 
own highly personal assessment of the 
most promising fields of research for the 
Air Force. 

This highly motivated concentration 
of interest in a particular field of study 
has its counterparts in the Physical Sci- 
ences Division, particularly in the work 
of Trakowski. Organizer and first direc- 
tor of the Air Force’s Geophysics Re- 
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search Directorate in 1946, he declares 
he has helped to introduce ARDC sup- 
port to “every major scientific institute 
in Western Europe that can and is will- 
ing to contribute to our present objec- 
tives.” 

Although Trakowski is project officer 
for approximately 55 contracts at the 
present time, which cover a wide range 
of the physical sciences, he acknowl- 
edges happily that he has devoted most 
of his creative effort to the furtherance 
of fundamental research in the atmos- 
pheric sciences, to meet the needs of 
the Air Force for complete knowledge 
of its operating environment. During 
a recent interview, Trakowski wrote 
down these three principal goals: (i) to 
determine the electronic, nuclear, 
atomic, and molecular reactions and 
energy-transport mechanisms in_ the 
gases of the atmosphere under terres- 
trial, solar, and cosmic influences; (ii) 
to develop mathematical, hydrodynamic- 
thermodynamic models of the atmos- 
phere to permit weather prediction by 
electronic-machine numerical computa- 
tion; and (iii) to discover the physical 
processes underlying atmospheric water 
condensation and precipitation as the 
basis for weather modification. 

Until recently, Trakowski observed, 
there had been a great deal of interest 
in supporting studies of atmospheric 
electricity as an avenue leading to 
weather control. Recently, however, 
ARDC research teams in the United 
States have shifted their emphasis to 
physical-chemical studies, and EOARDC 
has followed suit, terminating activities 
in the former field and encouraging 
investigators in the latter. 


European Scientists Satisfied 


Although I did not have an oppor- 
tunity to interview a large enough num- 
ber of European scientists to guarantee 
complete representation, the near-una- 
nimity evident in separate conversations 
with six contractors chosen at random 
would seem to indicate that there is a 
widespread feeling of good will toward 
EOARDC among European scientists 
and a general satisfaction with the lati- 
tude and flexibility of its contractual 
relationships. 

In general, these contractors said that 
ARDC support enabled them to (i) 
pursue lines of research that would 
otherwise have been closed to them; 
(ii) train students and professional as- 
sistants who might otherwise be lost 
to basic research; and (iii) visit fellow 
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Scientists in Oslo are shown experimenting with an are laboratory furnace. The project, 
called “Mechanism of the oxidation of titanium and titanium alloys,” was supported by 


EOARDC. 


investigators and their laboratories in 
the United States. Two individuals in 
this small sample expressed greatest 
satisfaction that their funds permitted 
them to hire young American scientists 
for work in European laboratories, 
thereby bringing about a day-by-day 
international exchange of ideas, infor- 
mation, and techniques, in contrast to 
the more sporadic exchanges made pos- 
sible by publications and international 
conferences. It was pointed out that 
in some national support programs in 
Europe, the use of funds for the hiring 
of non-nationals is prohibited. 

Even when hypothetical problems 
were introduced into the conversation, 
they were disposed of without any show 
of serious concern. It was not felt by 
any of those interviewed, for instance, 
that the present level of ARDC support 
could substantially influence the direc- 
tion or the nature of scientific research 
within any particular nation, since it 
is relatively such a small part of the 
national expenditure. Nor did any of 
those interviewed feel that his par- 
ticular line of study had been sub- 
stantially deflected by its association 
with the quite different mission of 
ARDC. As one put it, “At intervals 
in research, there comes a time to 
branch out in any one of four or five 
different avenues of promise. We may, 
because we now have an idea of the 
kind of proposal that is attractive to the 
Air Force, choose one of the four or 
five that would not otherwise be our 
first choice. But they are all promising, 


and they are all a continuation of the 
fundamental research that interests us.” 

The scientists interviewed were equal- 
ly resigned to the constant possibility of 
contract termination. Each said that all 
personnel employed on the project had 
been acquainted with the situation; in 
some instances, wages and salaries had 
to be increased over the local level in 
order to counterbalance the lack of 
security. All, however, expressed the 
belief that longer-term contracts would 
permit the hiring of more talented per- 
sonnel at the same or even lower 
salaries. Similarly, although all appeared 
to be ready to accept, without reserva- 
tion, the requirement that all capital 
equipment purchased under their con- 
tracts be returned to the U.S. Govern- 
ment, each expressed the belief that the 
goals of both parties would best be 
served if some mechanism could be de- 
veloped that would permit European 
laboratories to gain title to such equip- 
ment. Serious consideration is now being 
given within the ARDC to an upward 
revision of time limitations on contracts 
and to the establishment of an authority 
that would allow contractors to earn 
title to capital equipment purchased 
with Air Force funds by conducting 
further research for a period of time 
to compensate the Air Force for the 
residual value of the instrument. 

Only in two matters were there some 
murmurs of dissatisfaction. One con- 
tractor confessed to a lack of enthusi- 
asm for the detailed accounting neces- 
sary to obtain reimbursement of costs 
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for expendable equipment. Another felt 
that contractors should be required to 
submit final reports at a logical breaking 
point in the research, rather than at the 
arbitrarily set date for termination of 
contract—especially, he said, in those 
cases in which a second contract has 
been granted in extension of the first. 

Although an EOARDC contract can 
often provide a European scientist with 
an annual budget many times that 
which he could expect from his own 
university or government, it does not 
seem that the evident satisfaction with 
EOARDC merely represents approval 
of an agency that is playing Santa Claus. 
More credit must go to the clarity and 
continuity with which the several com- 
manders of EOARDC have pursued 
their mission. 


Early Ups and Downs 


Those who were close to the initial 
operations of EOARDC report that at 
first its overtures were met with cool- 
ness. Some of the scientists originally 
approached indicated that their skep- 
ticism was based on a vision of Laocoén 
entangled in a serpentine of military red 
tape. But most of these fears seem to 
have been laid to rest. 





Responsible in large part for the 
philosophy and initial success of the 
European Office was Colonel Oliver 
Haywood, who with the support of Gen- 
eral Donald A. Putt drew up the initial 
plans that resulted in the establishment 
of EOARDC, in October 1952. A 
graduate of the U.S. Military Academy, 
with a Ph.D. degree earned later, Hay- 
wood had been one of the early advo- 
cates, within the military establishment, 
of greater participation in fundamental 
research, pointing out that such a rela- 
tionship is essential for the rapid inte- 
gration of new capabilities into any 
research and development program. The 
first expression of the Putt-Haywood 
collaboration had been the establish- 
ment of the Air Force Office of Scien- 
tific Research (in 1951), whose program 
of support for fundamental research is 
also within ARDC. It was after direct- 
ing the successful AFOSR operation for 
approximately two years that Haywood 
proposed a European branch to advance 
the interests of the United States and 
the free world by providing a far 
broader support of scientific endeavor 
without a correspondingly greater in- 
crease in cost. Named as EOARDC’s 
first commander was Lt. Col. Ralph 
Nunziato. 


Within a short while after Nunziato’s 





Prof. G. Righini, of the Arcetri Astrophysical Observatory, holds an EOARDC contract 
for research on stratification of the atmosphere. He is also studying the solar spectrum 
and for that purpose is building the spectroscope shown here. He obtained many of its 


components from dismantled optical equipment of the Italian Navy. 
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arrival on the European scene and after 
a series of interviews with leading 
European scientists, an operating pro- 
cedure had been worked out whose 
basic elements obtain to this day. Pains 
were taken to assure the European 
scientific community that there was to 
be no restraint on the flow of informa- 
tion and that the main instrument of 
negotiation between the partners of an 
EOARDC contract was mutual trust 
and respect for the integrity of the pro- 
fessional scientist; the contract was ‘o 
be the description of the relationship, 
rather than its bond. There would be 
no recruiting by ARDC personnel for 
emigration to America, nor would 
EOARDC allow itself to be used for 
this purpose by others. Inflation would 
be avoided by scrupulous observance >f 
prevailing wage and salary scales. The 
office would endeavor to avoid satura- 
tion of any particular institution, in 
terms both of percentage of qualified 
personnel under contract and of per- 
centage of total research budget. Only 
100 copies of final reports would be 
required from contractors, in order that 
later journal publication should not be 
interfered with. 

The EOARDC was not, however, al- 
lowed to climb steadily to its present 
position. Like most Air Research and 
Development Command units, it was 
adversely affected when the Command’s 
budget was cut approximately 10 per- 
cent between fiscal years 1953 and 
1954. Support for basic research was 
all but eliminated from the Air Force 
program. Haywood resigned his posi- 
tion and commission. 

Then, from Air Force Secretary 
Harold E. Talbott and Lt. Gen. Thomas 
S. Power, came new and powerful sup- 
port for a reinvigorated program. Tal- 
bott argued successfully for restoration 
of research funds; Power was moved to 
put part of the new funds into an ex- 
pansion and revitalization of the ARDC’s 
European Office. To help reestablish 
ties with European scientists, Power sent 
Brig. Gen. Don Flickinger to support 
the EOARDC staff in its missionary pro- 
gram. Command Surgeon and Director 
of Human Factors for ARDC and first 
commander of the Air Force Office of 
Scientific Research, Flickinger, with the 
staff of the European office, outlined 
EOARDC methods and goals, promised 
a new and better contract (one par- 
ticularly suited to the support of funda- 
mental research), and reemphasized the 
point that contract funds could be ex- 
pected to cover expenses to and from 
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symposia and conferences in Europe 
and the United States. 

The European office suffered another 
drastic curtailment of funds in 1957, 
but once more persuasive argument, by 
its then commander, Colonel Lee V. 
Gossick, and by highly placed stateside 
supporters, together with the timely 
appearance of the first Soviet artificial 
satellite, resulted in the speedy restora- 
tion of budgetary cuts. By the end of 
the 1957-58 fiscal year, 243 contracts, 
which totaled $3.1 million, had been 
written. 

Part of the credit for the success of 
EOARDC must go to the contractual 
instrument itself. As explained by Cap- 
tain Robert E. Rochfort, director of 
procurement at EOARDC, the particu- 
lar contracts used for the procurement 
of basic research are of recent develop- 
ment and have been given separate list- 
ing in the Armed Services Procurement 
Regulations within the last few years, 
although the use by the Air Force of 
specific contracts for research came into 
existence before ARDC was constituted 
as a separate command. 

But there has been even further 
specialization within the European con- 
text. According to Rochfort, it is the 
practice in the United States to use cost- 
reimbursable (C.R.) contracts for re- 
search, whether basic or applied. “A 
C.R. contract is used,” he said, “when 
costs cannot be realistically. estimated, 
but since most of our contraci costs are 
generally predictable, EOARDC finds it 
advantageous to the contractor and the 
Government to use a Fixed Price [F.P.] 
Contract. When we run into a situation 
where we have both elements of costs 
(those that can be firmly estimated and 
those that cannot be), we use an F.P. 
Contract with a C.R. provision. Straight 
C.R. is also used when the situation 
demands.” Joint support by ARDC and 
the scientists’ home country often solves 
the problem of capital equipment pur- 
chases, since funds from the latter 
source can be used exclusively for such 
purchases, while ARDC funds can be 
devoted to salaries, wages, and the pur- 
chase of expendable equipment. 


Advantages to This Country 


To European scientists the program 
of EOARDC has meant support for 
research that would otherwise in many 
cases have been severely limited in 
scope or completely out of reach. What 
have been the rewards, so far, to the 
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Prof. A. Van Tiggelen displays his apparatus for studying reaction kinetics of flame 
propagation in his laboratory at the University of Louvain—a study supported by 
EOARDC. 


ARDC? These cannot be expressed in 
terms of military utility, since success- 
ful applications—if any—must remain 
shrouded in secrecy. Yet these rewards 
can be expressed generally—and often 
are—by EOARDC personnel. From 
their viewpoint, the participation of 
ARDC in the support of basic research 
has meant, first of all, that the bench 
scientists and _ technologists serving 
ARDC have the opportunity, almost 
literally, to look over the shoulder of 
European researchers in the pursuit of 
fundamental knowledge. The agree- 
ments permit the contractors to pub- 
lish freely the knowledge gained under 
the program, but the critical lead time 
between -research and development is 
sharply reduced for ARDC in two 
ways: Papers resulting from ARDC- 
supported research usually do not ap- 
pear in the contractor’s journal of 
choice for 6 to 18 months after they 
are submitted as final reports to the sup- 
porting development center, and the fact 
that the center has had continuing 
access to quarterly status reports en- 
ables it to utilize the new knowledge 
more quickly. Equally important are 
the personal contacts that are developed 
between ARDC personnel and the 
European scientific community, often 
extending far beyond the termination 
of the contract. 

In addition, EOARDC has developed 
with the sister services of the Air Force 





what may well be a unique example of 
interservice cooperation. The success of 
the ARDC office in Brussels prompted, 
in part, the establishment of two similar 
groups, the Naval European Research 
Contracts Program and an Army Euro- 
pean Research Office, in 1956. Repre- 
sentatives from the three offices meet 
quarterly to exchange information and 
coordinate efforts. Supplementing these 
quarterly meetings is a monthly ex- 
change of information on proposals sub- 
mitted to each office and notifications 
of approval. The quarterly status re- 
ports required by EOARDC contracts 
are distributed similarly to the Army 
and Navy groups. 

Coordination at the operational level 
seems more attractive to those con- 
nected with the EOARDC operation 
than any suggestion of a merger of all off- 
shore research support within a single De- 
partment of Defense agency. Flickinger 
pointed out that interdepartmental con- 
trol would seriously attenuate the close 
relationship that has been developed 
between ARDC researchers and Euro- 
pean contractors. 

There remains one large considera- 
tion. Members of other  military- 
oriented research organizations have 
questioned the wisdom of offering sup- 
port to European investigators when 
men of equal talent may be available 
within the United States. Although 
many of EOARDC’s contractors have 





19 









unique capabilities, it has not been 
stated that uniqueness must be estab- 
lished before individual proposals may 
receive supporting funds. 

I do not consider the answer to that 
problem to be within the scope of this 
article. Nor was any answer demanded 


of the EOARDC staff. Yet one state- 
ment from Krisberg, made in another 
context, might be considered at least a 
partial answer. In a conversation with 
me one afternoon in Brussels, he said, 
“It must now be obvious to all that 
science is today one of the major battle- 


Louis N. Ridenour, 


Physicist and Administrator 


When Louis N. Ridenour died on 
21 May 1959, the scientific community 
lost a remarkable physicist and scientific 
administrator who had an uncanny abil- 
ity to sense the areas in which a scien- 
tific or a technological “harvest” is 
likely. He devoted himself to helping 
achieve and exploit such break-throughs. 
This he did as a working physicist in 
his early years. In his later years he 
accomplished his goal as dean of the 
Graduate College at the University of 
Illinois, as chief scientist of the Air 
Force, as an executive with Interna- 
tional Telemeter Corporation, and, final- 
ly, with Lockheed Aircraft Corporation. 

He was born on 1 November 1911, 
in Montclair, New Jersey. He took a 
B.S. degree in physics at the University 
of Chicago, where he was the editor 
of the Daily Maroon, the student news- 
paper, in his senior year. This experi- 
ence undoubtedly was closely coupled 
with his unusual facility as a writer of 
both technical material and fiction. 

Ridenour received his Ph.D. degree 
in physics at California Institute of 
Technology, under Lauritsen, in 1935 
and went to the Institute for Advanced 
Study, Princeton, New Jersey, in the 
fall of that year. He was to be an as- 
sistant to Fermi. Although the latter 
did not come to Princeton, Ridenour 
stayed as an instructor in physics at 
Princeton University until the fall of 
1938. 

At that time he joined Harnwell, the 
head of the physics department at the 
University of Pennsylvania. Since he 
felt that nuclear physics was badly in 
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need of precise measurements, he under- 
took the construction of an electro- 
static accelerator with accurate high- 
voltage control. This work was inter- 
rupted when he was called to the Radi- 
ation Laboratory at Massachusetts In- 
stitute of Technology in 1941. He tried 
to continue work on the machine by 
long distance and by making periodic 
visits to the University of Pennsylvania. 
His plans for this work never came to 
fruition, since the electrostatic generator 
was destroyed by fire soon after being 
placed in operation. 

The years 1941-46 were crowded 


with great events for many physicists, 
particularly for Ridenour. He played an 
important role in determining which of 
the devices being developed at the Radi- 





Louis N. Ridenour 





fields in the cold war. It seems equally 
obvious to us that in this war, the brain 
power of the Western World is the 
maximum weapon. We feel that the 
European Office can, through initiative 
and understanding, contribute to a unity 
of purpose.” 


ation Laboratory could be used effec- 
tively, in influencing the development 
of such devices, in persuading those 
involved in application to use them, 
and finally in working near the front 
of combat in order to make certain 
that the devices were used properly. He 
possessed an almost unique ability to 
influence all phases of a situation. 

He was appointed editor of the 
Radiation Laboratory Technical Series 
in 1945. The series consists of a set 
of 28 volumes which describe the topic 
of radar as it stood at the end of the 
war. Concerning this effort, F. W. 
Loomis [Phys. Today 12, 18 (Sept. 
1959)] inade the following statement: 
“Rarely has a man so perfectly fitted a 
job. It called out all his qualities—his 
facility in writing, his talent for as- 
sembling and leading a group, his own 
encyclopedic knowledge of radar and 
electronics, plus his quick ability to 
learn and understand what he didn’t 
already know; and especially his per- 
suasiveness and influence in high mili- 
tary quarters, needed to overcome the 
timidity of the security-conscious bu- 
reaucrats. . . . It is used by all the en- 
gineers in the now huge radar industry 
and serves to educate the new genera- 
tions as they come along.” 

Ridenour became dean of the Gradu- 
ate College of the University of Illinois 
in 1947 after returning to the Univer- 
sity of Pennsylvania for one year. Dur- 
ing his three-year tenure as dean, he 
played a major role in initiating new 
programs and study groups at the Uni- 
versity of Illinois. Among them are 
the Control Systems Laboratory, the 
Digital Computer Laboratory, the mi- 
crobiology group under Luria and 
Spiegelman, the Radio Carbon Labo- 
ratory, and the solid-state group under 
Seitz. His enthusiasm, drive, and admin- 
istrative wisdom contributed much to 
the successes these enterprises achieved. 

In 1949-50 he served as chairman 
of an ad hoc committee to survey re- 
search and development in the Air 
Force. The report of this committee, 
the Ridenour Report, recommended the 
formation of the Air Research and De- 
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velopment Command and the establish- 
ment of the post of Deputy Chief of 
Staff for Development. In the summer 
of 1950 Ridenour became chief scien- 
tist of the Air Force in order to help 
implement the recommendations of this 
report. During his tenure in that posi- 
tion he sponsored the establishment of 
the Massachusetts Institute of Tech- 
nology’s Lincoln Laboratory, which de- 
veloped the SAGE air defense system 
and the Dew Line. 

He never returned to the University 
of Illinois because his younger daughter 
became seriously ill. Instead, he took 
a position as vice president of Inter- 
national Telemeter Corporation in Los 


Angeles. While with that company he 
endeavored to develop pay-as-you-go 
television devices and computer compo- 
nents. He is largely responsible for the 
formation of Telemeter-Magnetics. 

In 1955 he joined the Lockheed Air- 
craft Corporation. There he was much 
concerned with the gathering of per- 
sonnel for the research division of 
the Missile Systems Division. He rose 
through a series of positions and respon- 
sibilities; just two months before his 
death he was named vice president of 
the company and general manager of 
the new Electronics and Avionics Divi- 
sion. 

Ridenour was awarded the Presi- 


Science in the News 


Next Few Years Said 'To Promise 
Solution of Antarctic Research 
Program’s Recruiting Problems 


Recruiting problems, which are ad- 
versely affecting this country’s antarctic 
research program, will probably be 
solved within the next few years, ac- 
cording to T. O. Jones, the National 
Science Foundation official who directs 
the program. Jones, who recently re- 
turned from a trip to the U.S. stations 
in Antarctica, believes that policies now 
being instituted will attract enough sci- 
entists to antarctic research to leave 
NSF, which supports such work, only 
the problem of selecting from among 
them those whose projects will contrib- 
ute to a balanced program. The cur- 
rent program, which is now under way 
with the onset of the antarctic summer, 
suffers, according to observers, from a 
lack of balance between scientists and 
technicians. This situation, in which the 
technicians heavily outnumber the sci- 
entists, was suited to the activities of 
the International Geophysical Year, but 
the relative numbers now must be re- 
versed, Jones feels, if a long-term 
antarctic program is to be carried out 
and is to produce significant results. 
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The foundation hopes to attract people 
to the Antarctic who will be able to 
pursue individual research projects in 
addition to making the routine readings 
and measurements for programs that 
are hold-overs from the International 
Geophysical Year. 

Three developments, among others, 
will work toward a solution of the 
problem, Jones feels. The first is a grow- 
ing awareness on the part of American 
scientists of the possibilities for research 
offered by. the opening up of Antarctica. 
The second is the increasing avaiiability 
éf adequate scientific facilities and 
transportation in the Antarctic. The 
third is the possibility that special in- 
stitutes can be established in the United 
States for workers in the academic field 
for whom research in Antarctica in- 
volves absence from universities and 
colleges during the academic year. 

Efforts by Jones and his staff to ac- 
quaint American scientists, particularly 
those in universities, with research pos- 
sibilities in Antarctica are beginning to 
show results, according to foundation 
officials. More numerous and more 
varied proposals are being received at 
NSF headquarters in Washington. Sci- 
entists who have returned to their uni- 


dent’s Medal for Merit and the Bronze 
Star for his services during the war. 
He was awarded, posthumously, the 
U.S. Air Force’s highest peacei'me dec- 
oration, the Exceptional Civilian Service 
Medal. 

He is survived by his widow, the 
former Gretchen Hinkley Kramer, and 
his two daughters, Eleanor and Nancy, 
as well as his parents, Louis N. and 
Clare Ridenour. 

FREDERICK SEITZ 
North Atlantic Treaty Organization, 
Paris, France 
A. H. Taus 
Institute for Advanced Study, 
Princeton, New Jersey 


versities from work on the Antarctic 
continent during the IGY or post-IGY 
period are discussing this work with 
their colleagues and graduate students, 
with the result that men with the train- 
ing the program needs are becoming 
interested. Jones himself has taken a 
number of university scientists to the 
continent to see the work that is being 
done and to visualize what can be done. 
This interest, Jones feels, is a seed 
which in time will produce projects 
that will fill out the antarctic research 
program—a program that is no longer 
just one aspect of a world-wide geo- 
physical program but is slowly achiev- 
ing a new status as a complete and 
balanced undertaking in its own right. 

The new and well-equipped biological 
laboratory at the McMurdo Sound 
Naval Air Facility is one of the evi- 
dences that the needed equipment for 
scientific work is now becoming avail- 
able on the Antarctic continent. It pro- 
vides facilities such as are found in the 
laboratory of a small college, and plans 
are under way to enlarge it. New living 
quarters will soon be built for scientific 
personnel at this base. At the more iso- 
lated stations, such as the Byrd and 
the Scott-Amundson stations at the 
South Pole, electronic and photographic 
equipment is available for studies of 
the ionosphere and of aurora and for 
work in the fields of geomagnetism, 
seismology, meteorology, and other dis- 
‘.paines. Plans are under way to trans- 
form the antarctic bases which were 
built for temporary use during the IGY 
into permanent stations. 

January 1960 will mark the begin- 
ning of a new program in transporta- 
tion that promises to be a great aid to 
research in the Antarctic. Ski-equipped 
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View up the shaft of a 100-foot snow mine dug near the Wilkes Station at 66° 15’ S, 
110° 3’ E, in the Australian quadrant in Antarctica. Surfaces revealed in this way 
can be read much as the rings on a tree are read and provide valuable data on past 
weather conditions and on types and accumulations of snow. [Official U.S. Navy photo] 
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Location of some of the United States bases used in the antarctic research program. 
The off-continent support base is in Christchurch, New Zealand, 2140 miles from the 
Naval Air Facility, located on Ross Island at the edge of the Ross Ice Shelf. A new 
airstrip (shown in inset) is under construction on the permanent ice of the shelf. 
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Air Force Hercules transports will begin 
preliminary resupply work, operating 
from a landing strip now being prepared 
on the permanent ice of the Ross Ice 
Shelf. Use of these planes, with their 
great range and great load capacities, is 
expected to make possible more regular 
supply operations and better communi- 
cation with the inland stations. Scien- 
tific personnel will be able to reach the 
stations just in time to begin their work. 
Under present conditions transportation 
to these bases is so irregular that, for 
example, men planning studies of 
aurora find themselves at inland stations 
3 months before the antarctic night 
and the aurora begin. Others, planning 
to study the nesting behavior of the 
penguins, arrive at the rookeries after 
the nesting has begun. Although weather 
always has been a factor in such mis- 
fortunes and always will be, regardless 
of the type of aircraft used, the new 
transports promise to cut down on 
waste time and effort. 


Polar Institutes 


Spring in Antarctica is fall in the 
United States. A  university-affiliated 
scientist who wants to work on the Ant- 
arctic continent during the 6 months of 
summer light must leave for the area at 
just the time that his university col- 
leagues are resuming their classes. His 
research project may require two con- 
secutive antarctic summers for com- 
pletion—two full academic years. Many 
university scientists are reluctant to 
give up this much time for work on 
“the ice.” 

In an interview in Christchurch, New 
Zealand, the staging area for the U.S. 
program in Antarctica, Jones explained 
his views on a possible solution to this 
problem. He believes that special aca- 
demic institutions can be set up in the 
United States for people who spend a 
number of years in antarctic research. 
A number of universities, he feels, are 
in a position to set up polar research 
and educational centers. Such centers 
would have five major functions. They 
would have academic schedules that 
conform to the antarctic seasons—that 
is, the main sessions would be held 
during the U.S. summer. They would 
attract young people who, both be- 
cause of concern for science and a 
desire to travel, are interested in work- 
ing in Antarctica. They would be active 
in the development of equipment and 
materials for work under high-latitude 
conditions. They would promote co- 
operation among the various disciplines 
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Mount Erebus, believed to be the only active volcano on the Antarctic continent, is 
located near the U.S. Naval Air Facility on McMurdo Sound, from which USS. scientific 
bases in the interior of the continent are supported. [Official U.S. Navy photo] 


concerned with research in these lati- 
tudes. And they would take on the 
function of data reduction for infor- 
mation obtained through antarctic re- 
search. 

Although such centers may in time 
provide the answer for the academic 
scientist, temporary solutions are need- 
ed. Recent visitors to Antarctica report 
that such solutions are being developed. 
At the new biological laboratory at 
McMurdo Sound a series of seminars, 
conducted by the scientists who have 
gained experience in antarctic research, 
has been under way for some time. 
Field workers who visit the laboratory 
after completing a traverse or after a 
year’s work at one of the inland sta- 
tions give lectures on their work. This 
program gives promise, according to 
Jones, of developing further in the com- 
ing years. With the increase in the num- 
ber of university people participating 
in the antarctic program, the academic 
approach is more and more evident. At 
the airlines terminal in Christchurch 
one can occasionally see an investigator 
conducting an informal seminar with 
his graduate students before their plane 
departs for Antarctica. Jones feels that 
an investigator and three or four grad- 
uate students constitute the ideal unit 
for antarctic research. Such a group 
could divide its time between field work 
on the continent during the antarctic 
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summers and formal academic work in 
the United States during the remainder 
of the year. 

The interest expressed by scientists 
now working in the Antarctic seems to 
promise that the “laboratory continent,” 
as Jones describes it, will become in- 
creasingly attractive as an area for sci- 
entific research. Certainly the expansion 
of facilities and the recent conclusion 
of the Antarctic treaty, which reserves 
the continent for peaceful purposes, 
particularly scientific work, point in 
this direction. 





Suspension of Test Ban Talks in 
Geneva Leaves Many Problems 
Unresolved 


Problems that were revealed last 
month during sessions of the scien- 
tific committee at the atomic test ban 
talks in Geneva threaten to increase the 
difficulties of the group discussing 
political questions, which will resume its 
work on 12 January. The committee of 
scientists from the United States, 
Britain, and Russia, which was studying 
the technical aspects of a control system 
to police the ban, submitted a report 
which indicates that no agreement has 
been reached on the major issue of 
what criteria should be used to deter- 


mine whether tremors recorded by con- 
trol posts are caused by natural earth- 
quakes or underground nuclear ex- 
plosions. Agreement was reported, how- 
ever, on improvements in instrumenta- 
tion to be used at the posts. 

The main obstacles to agreement 
came in discussions of the latest United 
States data concerning the difficulty of 
distinguishing earthquakes from nuclear 
tests and the possibility that tests could 
be deliberately disguised to make their 
identification more difficult. These data, 
which had been submitted to the 
scientific committee last January, were 
not examined until November, because 
the Soviet Union refused to permit 
their joint consideration. 

The slow progress of the talks has 
raised the question of what action the 
U.S. will take in regard to the test ban 
that was due to end on 31 December. 
Before the talks opened last November, 
John A. McCone, chairman of the 
Atomic Energy Commission, said that 
he believed that this country’s voluntary 
suspension should be extended only on 
a week-to-week basis after its formal 
expiration. This extension, he said, 
should be made on the basis of the 
promise shown at the test ban talks. 
How this general principle will be 
applied now that the talks are tem- 
porarily ended is yet to be seen. The 
Soviet Union has said that it will con- 
tinue its ban as long as the U.S. re- 
frains from nuclear testing. 


Hopes Were High 


During the period of more than a 
month that the talks were under way, 
considerable hope was expressed by 
both the conferees and government 
Officials that general agreement might 
be forthcoming. At his news confer- 
ence 2 December, President Eisen- 
hower said that he was more optimistic 
about the talks than he had been “. . . a 
few months back when it looked like 
they were going to be completely 
abandoned.” After the suspension of 
talks, however, State Department 
spokesman Lincoln White said that the 
department was “greatly disappointed” 
that the meeting has concluded with 
only “minimal agreements.” He also 
said that he “could not answer” as to 
whether the United States would re- 
frain from nuclear testing until the 
resumption of the political talks on 12 
January. 

Observers here suggest that the 
United States may set a cut-off date for 
the talks to avoid an indefinite con- 
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tinuation of the test ban. Some USS. 
officials are reported to be chafing 
under the ban which was undertaken 
in October 1958 to create a favorable 
atmosphere for the talks. Particularly 
distressing to these officials, according 
to reports, is the scientific evidence that 
indicates that the Soviets, at least 
theoretically, could be conducting 
underground tests without any risk of 
detection. Behind this concern is a 
report recently made public by the 
Government indicating that an under- 
ground explosion of 300-kilotons could 
be successfully masked by use of the 
“big hole” method of muffling the force 
of an explosion. The report says that if 
an underground chamber were large 
enough, the force of an _ explosion 
would be contained within it. The re- 
port, which was prepared by the 
RAND Corporation, an Air Force- 
sponsored research organization, says 
that, under certain conditions, a 300- 
kiloton explosion could not be distin- 
guished from a natural earthquake by 
the detection net that is now proposed 
for policing the test ban. Explosions in 
the range of 100-kilotons could not be 
detected at all by the proposed system, 
according to the report. 


Soviets Ridicule Report 


The Soviet view of the data pre- 
sented by the report was unusually 
blunt. “The Soviet experts submit that 
here their U.S. colleagues are on the 
brink of absurdity . . . their criteria 
would leave under suspicion the over- 
whelming majority of earthquakes 
registered by the control system.” 
Citing what it calls errors in the data 
with which the United States supports 
its case, the report went on to say: 
“The Soviet experts therefore cannot re- 
gard these shortcomings as resulting 
from carelessness or coincidence, and 
have come to the conclusion that there 
has been tendentious use of one-sidedly 
developed material for the purpose of 
undermining confidence in the control 
system, whose basic characteristics 
were determined by the 1958 Geneva 
conference of experts.” 

On 28 December Senator Albert 
Gore urged the Administration to ab- 
stain for 3 years from conducting nu- 
clear tests in the atmosphere but to 
make no commitment about not resum- 
ing them underground. Gore is a mem- 
ber of the Joint Congressional Com- 
mittee on Atomic Energy. His sugges- 
tion was essentially the same as the one 
he made November 1958. 
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$300 Million Increase in Space 
Agency Budget Held Inadequate for 
Major Acceleration of Program 


No new major effort to speed up this 
country’s space program in fiscal year 
1961 is planned, according to a news- 
paper report indicating that the Admin- 
istration has decide to ask Congress for 
$800 million to support the National 
Aeronautics and Space Administration. 
The figure, which is $300 million more 
than the agency’s current budget, was 
reported in the New York Times. Offi- 
cial comment on NASA’s proposed 
budget will not be available until late 
next month when the national budget 
is published. A good part of the new 
funds will be taken up by the newly 
assigned Saturn booster program with 
the result that NASA’s effort in its 
other programs will be carried on at 
about the same rate as last year. This, 
in effect, indicates that a decision has 
been taken against accelerating the U.S. 
space program to match or overtake 
the Soviet Union in this field. Another 
indication that such a decision might be 
forthcoming can be seen, observers 
suggest, in a speech given early in De- 
cember by George Kistiakowsky, spe- 
cial assistant to the President for science 
and technology. Speaking before the 
American Institute of Chemical Engi- 
neers, Kistiakowsky said: “If one sepa- 
rates civilian space science and technol- 
ogy from military missiles, . . . one 
wonders whether our insistence on su- 
periority in space is of overriding im- 
portance.” Earlier in his talk he had 
cited the Administration’s argument 
that the larger size of the Soviet missiles 
gave them no advantage for strictly 
military applications. 


Substantial Cut Reported 


The budget originally requested by 
the space agency for its activities was 
cut substantially by the Bureau of the 
Budget, according to the news report. 
No definite information on the size of 
this original request or on the bureau’s 
action will be available until the Con- 
gress begins its authorization hearings. 
Both the Aeronautical and Space Sci- 
ences Committee of the Senate and the 
Science and Astronautics Committee of 
the House of Representatives must pass 
on the Administration’s request. Last 
year, congressional action cut the 
amount the Administration had re- 
quested by $30 million. Also last 
year, T. Keith Glennan, the administra- 
tor of NASA, suggested that new pro- 





grams would require a budget of ap- 
proximately $100 million. Despite the 
Congress’ action last year, there is rea- 
son to believe that the administrator 
will receive new support from it in his 
efforts to gain more funds. A number 
of Soviet successes, particularly the two 
moon probes of last fall, are expected 
to weigh heavily in the committees’ 
deliberations. Another consideration 
may be the widely publicized fact that 
after the failure of an Atlas firing just 
before Thanksgiving no second attempt 
could be made because there were no 
more Atlases available. 





World Forestry Congress Being 
Organized by United States 


The fifth World Forestry Congress is 
to be held at the University of Wash- 
ington, Seattle, 29 August-10 Septem- 
ber 1960. The United States Govern- 
ment is host to this congress. The Food 
and Agriculture Organization of the 
United Nations and other agencies are 
cooperating in its preparation. 

This is the first such congress to be 
held in the Western Hemisphere. The 
earlier World Forestry Congresses were 
held in Rome (1926), Budapest (1936), 
Helsinki (1949), and Dehra Dun, India 
(1954). 

Although the congress is an official 
one, and many countries will name of- 
ficial delegations, participation will be 
open to any individual or technician 
with interests in this field upon applica- 
tion to the Organizing Committee. Such 
individuals may attend without special 
invitation. 

Some 80 governments within the 
United Nations have been invited to 
take part in the congress. There are 
indications that it may be the largest 
World Forestry Congress ever held, 
with 1500 to 2000 participants from 55 
to 60 countries. 

Responsibility for making the neces- 
sary preparations has been vested in a 
44-man organizing committee appoint- 
ed by the Secretary of State. This com- 
mittee includes representatives from in- 
terested federal departments, forestry 
schools, forestry associations and so- 
cieties, conservationists, and forest in- 
dustrialists. The chief of the Forest 
Service, Richard E. McArdle, has been 
named chairman of the organizing 
committee. 

The committee has delegated respon- 
sibility for detailed preparations to 
seven working committees. Their ac- 
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tivities are under the continuing direc- 
tion of an executive committee, con- 
sisting of the chairmen of the seven 
committees plus key representatives in 
the Washington, D.C., area. Some of 
these committees are quite large; for 
example, the program committee has 
79 members and the tours committee, 
66. In all, more than 270 American 
foresters and individuals engaged in 
forest industries are now helping in the 
preparations for the congress. 

Some 13,000 to 14,000 copies of a 
preliminary announcement, in five lan- 
guages, have been distributed to a spe- 
cial mailing list of key forestry agencies 
and institutions throughout the world. 
The foreign mailing list now contains 
more than 1800 names, about six times 
as many as any previous list. A more 
detailed information guide covering ap- 
plication for membership, preparation 
of program papers, plans for programs 
and tours, and so on, will be issued 
early in 1960. Meanwhile inquiries con- 
cerning the congress may be made to 
I. T. Haig, Executive Secretary, Organ- 
izing Committee, Fifth World Forestry 
Congress, Department of State, Wash- 
ington 25, D.C. 


Educators Named To Administer 
National Aptitude Census among 
High-School Students 


The local officials who will admin- 
ister Project Talent—a plan to test the 
aptitudes and abilities of a 5-percent 
sample of U.S. high-school students— 
were named recently by the adminis- 
trator of the project, John C. Flanagan 
of the University of Pittsburgh. The 90 
men, most of whom are educators or 
administrators at colleges and univer- 
sities throughout the country, are now 
beginning to arrange with local school 
officials for the administering of the 
2-day battery of tests next March. 
About half a miliion students in ap- 
proximately 14,000 secondary schools 
will be tested during the study. One of 
the program’s objectives is to take an 
accurate inventory of the talents of the 
nation’s secondary-school students. A 
second, and longer range, objective is 
to correlate test scores of individuals 
with their subsequent histories, and 
thus to provide information for use 
in school counseling. A third objective 
is to evaluate the effects of such educa- 
tional practices as accelerated programs 
for gifted students. 

The tests will seek to assess not only 
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a student’s aptitudes but also his inter- 
ests, personality, and achievements, 
especially in reading and mathematics. 
In addition, a student will ve asked 
questions about his aspirations, family 
and community background, and health. 
Also planned are follow-up studies at 
intervals up to 20 years from the time 
of the test. The project, which is fi- 
nanced by the U.S. Office of Educa- 
tion and other government agencies, 
has been timed to coincide with the 
1960 population census. It will be car- 
ried out in public, private, and paro- 
chial schools in both rural and urban 
areas. The names of the schools will be 
announced later this month. - 


Biological Data Handbook 


On 1 September 1959, the Handbook 
of Biological Data office, henceforth to 
be known as the Office of Biological 
Handbooks, was transferred from the 
National Academy of Sciences—Nation- 
al Research Council to the Federation 
of American Societies for Experimental 
Biology. A new Committee on Biolog- 
ical Handbooks, responsible for policy, 
has been selected; its chairman is Ray- 
mund L. Zwemer of the science advis- 
er’s office in the Department of State. 

The committee has approved the 
preparation of a tabular compilation 
on “Composition of Blood and Body 
Fluids,” which is to be completed in 
the autumn of 1960. Then work will 
begin on a handbook on growth. Addi- 
tional projects were discussed at the 
first meeting of the committee, which 
was held on 16 November in the Hand- 
book office in the Dupont Circle Build- 
ing, 1346 Connecticut Ave., NW, 
Washington, D.C. 


Navy Surveys Basic Research 


A Navy study of basic research that 
was released last fall outlines the char- 
acteristics of such research in industry, 
government, and universities and reports 
some significant facts. After emphasiz- 
ing that basic research investigators 
“are exceedingly rare in number,” the 
report points out that most of them 
have doctoral degrees, although only 
2 percent of the nation’s college grad- 
uates continue their education through 
the doctoral level. Of this 2 percent, 
only about one in five remains in bas- 
ic research work. Studies indicate that 
not more than half of these have the 








outstanding talent necessary for the 
creative work of basic research and 
that this half produces 80 percent of 
the scientific output. At present the 
United States has about 27,000 basic 
research scientists, according to the 
survey; therefore, about 13,500 inves- 
tigators are producing the country’s 
principal research results. 

The leading corporations in the 
United States are investing an increas- 
ingly large proportion of their research 
and development budgets in basic re- 
search, in some cases as much as 20 
percent. The report states that the ma- 
jority of the research directors inter- 
viewed for the study thought that some 
15 to 20 percent of the Navy’s research 
and development budget should be al- 
located for basic research. At present 
the ratio is 6 to 8 percent. 

The 2-year study was conducted for 
the Naval Research Advisory Commit- 
tee by Arthur D. Little, Inc., of Cam- 
bridge, Mass. Headed by Guy Suits, 
vice president and director of research 
for the General Electric Company, the 
committee is the Navy’s top advisory 
group on research. Copies of the two- 
volume survey may be obtained from 
the Office of Technical Services, U.S. 
Department of Commerce, Washington 
25; Bic. 


Summer Institutes Announced for 
High-School and College Teachers 


Funds will be available in 1960 to 
help about 18,000 high-school and col- 
lege teachers of science, mathematics, 
and engineering to participate in 379 
summer institutes sponsored by the 
National Science Foundation. Grants 
totaling more than $21 million will be 
awarded to support the institute pro- 
gram in 265 educational institutions 
located in the 50 states, the District of 
Columbia, and Puerto Rico. 

Some 316 of the institutes will be 
open to high-school teachers only, 37 
will be for college teachers only, 24 
will be for both high-school and college 
teachers, and two will be for technical- 
institute personnel. Approximately 16,- 
000 high-school teachers and 2000 col- 
lege teachers will participate, with the 
aid of NSF. 

The success of previous summer in- 
stitutes has contributed greatly to the 
growth of the program. The first two 
summer institutes supported by the Na- 
tional Science Foundation were held 
in 1953. The number has grown each 
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summer: 125 in 1958, 350 in 1959, 
and 379 in 1960. 

Seventeen institutes offering courses 
in radiation biology for high-school 
teachers, and five similar institutes for 
teachers in small colleges, are being 
jointly sponsored by the foundation 
and the Atomic Energy Commission, 
as are three institutes in isotope tech- 
nology for college teachers. 

The number of teachers who will re- 
ceive financial support in each of the 
379 institutes will average nearly 50 
and will vary from 15 to more than 
100. Tuition and fees will be paid for 
these teachers. They will also receive 
stipends of not more than $75 per week 
for the duration of the institute, plus 
allowances for travel and dependents. 
The institutes will vary in length from 
4 to 12 weeks. 

Participants will be chosen by the 
institutes themselves, not by the Na- 
tional Science Foundation. Inquiries 
should be addressed to directors of the 
individual institutes, who are named 
in a list that has been prepared by the 
foundation. 


News Briefs 


The Public Health Service has an- 
nounced the transfer of its Division 
of International Health from the Bu- 
reau of State Services to the Office of 
the Surgeon Genera!. H. van Zile Hyde, 
assistant to the surgeon general for in- 
ternational affairs, will be chief of the 
division, which he also headed from 
1955 to 1958. Horace DeLien, who 
has served as chief of the division since 
September 1958, has been assigned to 
the American Embassy in Paris as med- 
ical officer in charge of quarantine ac- 
tivities, European area. 

The division’s international educa- 
tion and exchange program will remain 
in the Bureau of State Services as 
part of the Division of General Health 
Services, which administers the Public 
Health Service’s training program for 
public health workers in this country. 

* * & 

Regular exchanges between lecturers 
and research workers of Canada and 
the Soviet Union are to start next 
year, according to the official Soviet 
news agency Tass. 

1 as a 

The National Bureau of Standards 
is expanding its low-temperature re- 
search in order to increase the precision 
of temperature calibrations in the range 
from 90° down to 20°K, and to pro- 
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vide a calibration service covering tem- 
peratures from 20° down to 2°K. Steps 
will also be taken toward establishing 
fixed points and extending the Inter- 
national Temperature Scale below 
90°K, where there is now no interna- 
tional agreement. 


Scientists in the News 


Wallace R. Brode, science adviser to 
the Secretary of State, has won the 
American Chemical Society’s 1960 
Priestley Medal—the highest honor in 
American chemistry. The medal will be 
presented at the American Chemical 
Society’s 137th national meeting in 
Cleveland in April. 


Michael Polanyi of Oxford Univer- 
sity has been selected as the 1959 win- 
ner of the Lecomte du Noiiy Award. 
The award was given in recognition of 
Polanyi’s books, Personal Knowledge 
and The Study of Man. 


Harold S. Morton and Eugene L. 
Nooker, staff members of the Applied 
Physics Laboratory of Johns Hopkins 
University, each received the Navy’s 
Distinguished Public Service Award, 
presented by Rear Admiral M. H. Hub- 
bard, chief of the Navy Bureau of 

rdnance, at ceremonies on 23 Novem- 
ber. They were cited for their contri- 
butions in the field of missile warheads. 


Albert M. Potts, formerly at West- 
ern Reserve University, has been ap- 
pointed professor of ophthalmology in 
the department of surgery and director 
of research in ophthalmology at the 
University of Chicago. 


William T. Marshall, Regius profes- 
sor of civil engineering at the Univer- 
sity of Glasgow, has been appointed 
visiting professor in civil engineering 
at Northwestern University for a 9- 
month period beginning 1 January. 


J. Herbert Taylor, professor of cell 
biology, Columbia University, will dis- 
cuss nucleic acid synthesis and chro- 
mosome duplication as a Sigma Xi na- 
tional lecturer at a number of colleges 
and universities during January 1960. 


Herbert S. Goldberg, on sabbatical 
leave from his duties in the department 
of microbiology, University of Méis- 
souri, is doing research at the Low 
Temperature Research Station, Uni- 
versity of Cambridge, England. 


Joseph Chatt of the Akers Research 
Laboratory of Imperial Chemical In- 
dustries Ltd., England, has been ap- 
pointed distinguished visiting professor 
in the department of chemistry of 
Pennsylvania State University for the 
spring semester of 1960. He will lecture 
on the chemistry of organometallic 
compounds, carbonyl, hydrocarbon and 
hydrido complexes, and the coordina- 
tion compounds of the tertiary organic 
phosphines. 


Robert B. Woodward, Morris Loeb 
professor of chemistry at Harvard, has 
been awarded the Davy Medal of Eng- 
land’s Royal Society. The medal is 
awarded annually for “the most impor- 
tant discovery in chemistry in Europe 
or Anglo-America.” 


Recent Deaths 


John Anderson, Altadena, Calif.; 83; 
astronomer at California Institute of 
Technology who was executive officer 
of the institute’s observatory council, 
1928-48; supervised construction of the 
200-inch Hale telescope at Mount Palo- 
mar; 2 Dec. 

Arpad Berczeller, West New Brigh- 
ton, N.Y.; 55; head of the bacteriology 
department of Sea View Hospital, West 
New Brighton, and specialist in tuber- 
culosis drugs; prewar head of the de- 
partment of bacteriology at the Pasteur 
Institute in Paris; 28 Nov. 

Janet W. Mackie, Washington, D.C.; 
66; specialist in tropical medicine who 
retired last year from the U.S. Public 
Health Service; taught at the Wake 
Forest Medical School; 24 Nov. 

Charles C. Macklin, London, On- 
tario; 76; retired professor of histology 
and embryology at the University of 
Western Ontario Medical School. 

Walter J. Murphy, Washington, D.C.; 
60; editorial director of the American 
Chemical Society’s journals in applied 
chemistry and director of the society’s 
news service; 26 Nov. 

Harold S, Palmer, Honolulu, Hawaii; 
69; professor emeritus of geology at 
the University of Hawaii; 24 Oct. 

John VY. Starr, Cranford, N.J.; 57; 
chemist and management official with 
the Esso Standard Oil Company for 31 
years; 6 Dec. 

Richey L. Waugh, Arlington, Mass.; 
71; former chief of surgical service of 
the U.S. Public Health Service Hospital, 
Boston, and former teacher of ortho- 
pedics at Tufts University Medical 
School; 24 Nov. 
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Handbook of Physiology. A critical, 
comprehensive presentation of physi- 
ological knowledge and concepts. 
vol. 1, section 1, Neurophysiology. 
John Field, editor-in-chief. H. W. 
Magoun, section editor. American 
Physiological Society, Washington, 
D.C., 1959. xiii + 779 pp. Illus. $22. 


During the past two decades physi- 
ological knowledge, with the support of 
government and private agencies, has 
expanded at a progressively accelerating 
rate. The vast bulk of the current litera- 
ture and the complexities of modern 
concepts make it increasingly difficult 
for the teacher, graduate student, and 
beginning investigator either to keep 
abreast of major advances or to begin 
a penetration in depth of a single field. 
If this new knowledge is to be useful 
to those who are not specialists, it must 
be collected, selected, and systematized. 
It must be fitted into the context of ac- 
cepted fact and placed in proper per- 
spective. 

The handbooks of normal and path- 
ological physiology, edited by Bethe and 
Roger in the 1930’s, admirably fulfilled 
this need in the era just preceding the 
last war. Recognizing the need for an 
up-to-date compendium of physiological 
fact and theory, the board of publica- 
tion trustees of the American Physi- 
ological Society has initiated the Hand- 
book of Physiology, with John Field as 
editor-in-chief and Victor Hall as 
managing editor. Handbooks covering 
all phases of physiology are to be pub- 
lished during the next 5 to 10 years. 
Each will be planned and edited by a 
section editor, recognized as an au- 
thority in his specific field. It is antici- 
pated that each Handbook will be re- 
vised about once every 10 years. 

In no phase of physiology has the 
postwar development of fact and con- 
cept been greater than in neurophysi- 
ology. It is, therefore, appropriate that 
the first section of the Handbook of 
Physiology should be devoted to this 
subject. Volume 1 is the first of a three- 
volume series to be edited by Horace 
Magoun; the other volumes are sched- 
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Book Reviews 


uled for publication toward the close 
of 1959 and early in 1960. Comparable 
volumes on circulation are in prepara- 
tion under the section editorship of 
William Hamilton and still others are 
in the initial stages of planning. 

Neurophysiology, volume 1, consists 
of 31 chapters by some 35 contributors, 
each of whom is a recognized authority 
in his field. Fifteen of the chapters 
were written by scientists from abroad, 
16 by North Americans. 

The book is divided into five sections: 
a historical review, neuron physiology, 
brain potentials and rhythms, sensory 
mechanisms, and vision. With the ex- 
ception of Mary Brazier’s historical re- 
view, each section has an introductory 
chapter by an outstanding senior au- 
thority. Thus neuron physiology is in- 
troduced by J. C. Eccles, brain poten- 
tials by A. Fessard, sensory mechanisms 
by E. D. Adrian, and vision by H. K. 
Hartline. Both the character and the 
scope of these introductory chapters 
differ. That of Eccles is supplementary 
to the content of its section, and it ex- 
pands on certain concepts given relative- 
ly brief treatment or omitted from 
consideration. Others serve more as pre- 
faces that place the content of succeed- 
ing chapters in perspective. 

The historical chapter by Mary 
Brazier begins with the concepts of 
Aristotle and Galen and _ continues 
through those of Sherrington, Horsley, 
Berger, Sechenov, and Pavlov. As she 
points out, scientific neurophysiology 
has, in large measure, developed since 
1600. Her review is, therefore, devoted 
mainly to the contributions of scientists 
of the last three centuries. The chapter 
is illustrated nicely, although the off- 
center placement of figures and legends, 
too large for single-column reproduc- 
tion, does not appeal to my esthetic 
sense. This brief and general treatment 
of the historical development of neuro- 
physiology is supplemented in succeed- 
ing chapters by a more detailed con- 
sideration of past investigators’ contri- 
butions to the present body of knowl- 
edge in each field. 

The chapter titles of each section of 





volume 1 have been chosen to provide 
broad coverage. The authors of these 
chapters are eminent scientists recog- 
nized for their investigative contribu- 
tions and fitted to write authoritative 
summaries. The section on neuron phys- 
iology includes chapters on conduction 
of the nerve impulse (I. Tasaki), initia- 
tion of impulses at receptors (J. A. B. 
Gray), synaptic and ephaptic transmis- 
sion (H. Grundfest), neuromuscular 
transmission (P. Fatt), autonomic trans- 
mission (U. S. von Euler), and neuro- 
muscular transmission in invertebrates 
(E. J. Furshpan). The section on brain 
potentials and rhythms includes chap- 
ters on single unit activity (K. Frank), 
intrinsic rhythms (W. G. Walter), 
evoked potentials (H. T. Chang), d-c 
potentials of the cortex (J. L. O’Leary 
and S. Goldring), and the pathophys- 
iology of epileptic seizures (H. Gastaut 
and M. Fisher-Williams). The section 
on sensory mechanisms includes chap- 
ters on receptors in lower forms (H. 
Autrum), touch and kinesthesis (J. E. 
Rose and V. B. Mountcastle), thermal 
sensation (Y. Zotterman), pain (W. H. 
Sweet), taste (C. Pfaffman), smell 
(W. R. Adey), vestibular mechanisms 
(B. E. Gernandt), auditory receptors 
(H. Davis), and central auditory me- 
chanisms (H. W. Ades). The final 
section on visual mechanisms includes 
chapters on photosensitivity in inverte- 
brates (L. J. and M. Miine), the image- 
forming mechanisms of the eye (G. A. 
Frey), photoreceptor processes (G. 
Wald), neural activity in the retina 
(R. Granit), central mechanisms of 
vision (S. H. Bartley), and a final gen- 
eral chapter on central control of sen- 
sory receptors and transmission systems 
(R. B. Livingston). 

Multiple authorship, although essen- 
tial if accounts are to be authoritative, 
introduces difficulties in the compilation 
of any volume such as this. Scientific 
eminence is not invariably associated 
with lucidity of exposition; and not all 
the chapters are equally informative 
reading for the unsophisticated student 
of neurophysiology such as I. Each 
reader will no doubt seek to satisfy his 
own particular needs and will be vari- 
ably pleased with the result. As a teach- 
er, I found most complete satisfaction 
in chapters written, for the most part, 
by those who are teachers. Investigators 
in neurophysiology will no doubt 
bestow their accolades on others. How- 
ever, the volume as a whole is read- 
able, and differences in style and clarity 
of expression do not seriously com- 
promise its usefulness. 
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A second difficulty of multiple au- 
thorship is inadvertent omission of 
topics or cursory treatment with the ex- 
pectation that others will provide ade- 
quate coverage. I shall mention but two 
examples. In the chapter on transmis- 
sion of the nerve impulse, the treatment 
of the Hodgkin-Huxley thesis is com- 
pressed into a little more than 1 page 
out of a total of 45. In the chapter on 
synaptic transmission, major emphasis 
is placed on postsynaptic events; little 
attention is devoted to presynaptic ones. 
Problems of this nature may be solved 
by having an introductory or conclud- 
ing chapter that summarizes, gives per- 
spective to, and supplements the ma- 
terials presented in the chapters of any 
one section. Indeed these may have been 
the instructions given to those chosen 
to write introductory chapters. In any 
event, Eccles performed this task in 
exemplary fashion for the section on 
neuron physiology. 

Each chapter follows a basic plan, 
yet individuality of expression does not 
seem to have been stifled by too rigid 
formalization. A summary of chapter 
contents is presented first, and this is 
followed by a brief historical résumé. 
Because this résumé emphasizes major 
contributions of the past, only a person 
thoroughly conversant with both the 
old and new literature could present it 
succinctly and in proper perspective. 
Each author then continues with the 
development of the present status of his 
subject, presenting a background of 
classical concepts, a description of 
modern investigative methods, quanti- 
tative data, and new ideas that have 
emerged from recent work. Each chap- 
ter ends with an extensive bibliography; 
unfortunately, the titles of original 
journal articles are not given. 

The book is profusely illustrated and 
the quality of illustrations is good. How- 
ever, many of the illustrations, because 
they do not fit into either a single or a 
double column, are placed off-center 
and to one side, and the legends are 
placed off-center and to the opposite 
side. Space is wasted, and the page im- 
balance is compounded: page 285 is a 
horrible example of the way not to 
arrange illustrations. Just why figures, 
slightly too wide to fit into a single 
column, were not further reduced, and 
why those a bit less than double-column 
width were not reduced less are mys- 
teries to me. While such liberties with 
symmetry do not impair my compre- 
hension, they do hurt my esthetic sensi- 
bility. 

The Handbook of Neurophysiology 
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is not a textbook in the usual sense; it 
is far too detailed for either the casual 
reader or the beginning student. Fur- 
thermore, it presupposes a reasonable 
background of information and some 
knowledge of current literature. It will 
no doubt be of greatest interest and use 
to teachers of physiology and to be- 
ginning investigators. However, in 
volume 1 the ophthalmologist and 
otologist will find a wealth of funda- 
mental information on visual, vestibu- 
lar, and auditory processes. The neurol- 
ogist and neurosurgeon will find much 
of interest and value, not only in 
volume 1, but no doubt in the next two 
volumes as well. These clinical special- 
ists will profit from a study of volume 
1 in direct proportion to their interest 
in the fundamental aspects of their 
respective disciplines. Little applied 
pathophysiology is included in any 
chapter except that which deals with 
epileptic seizures. Volume 1 will serve 
as a reference and bibliography source 
for many in all fields of biological sci- 
ence. The index prepared by W. Him- 
wich will be particularly helpful to 
those who use the book in this fashion. 

The organization of volume 1 is 
logical, with one exception. The section 
on brain potentials and rhythms seems 
out of natural order; just why it was 
placed between the sections on neuron 
physiology and sensory mechanisms is 
not immediately apparent. 

Reviewing the first volume of a three- 
volume series is somewhat akin to re- 
viewing a three-act play after seeing 
only the first act. Both are hazardous 
undertakings, for what may seem an 
inconsistency or an omission in the first 
volume or act may be clarified, justified, 
or included later. The publication of 
volume 1 of the Handbook of Neuro- 
physiology is a significant accomplish- 
ment. Coupled with volumes 2 and 3, 
it will constitute a monumental treatise 
on the subject. 

ROBERT F. PiTTs 
Cornell University College of Medicine, 
New York 


Science and Public Policy. Dael Wolfle. 
University of Nebraska Press, Lin- 
coln, 1959. 81 pp. $1.50. 


From the vantage point of his po- 
sition as executive officer of the Ameri- 
can Association for the Advancement 
of Science, Dael Wolfle is well qualified 
to speak authoritatively and informa- 
tively on the intricate interrelations of 





science and public affairs. In these three 
pithy and well organized Montgomery 
Lectures delivered last spring at the 
University of Nebraska, he sets forth 
with commendable clarity and incisive- 
ness the nature of the basic administra- 
tive, organizational, and policy prob- 
lems which confront government, in- 
dustry, education, and the individual 
citizen as a consequence of the develop- 
ment of science and technology as dom- 
inant factors in contemporary society. 

Wolfle’s statements of basic principles 
are sound and sensible and rooted in 
practical experience. Intelligent formu- 
lations and observations abound. This 
brief volume will undoubtedly be fre- 
quently quoted in discussions of the 
interconnections of science and society. 
Its succinct review of the scientific rev- 
olution and of its impact upon industry, 
the federal government, and educational 
institutions provides an excellent sum- 
mary of recent developments. 

Wolfle pleads for an increase in the 
level of support for basic scientific re- 
search by industry and private philan- 
thropy, as well as by government; for 
recognition of the question of over-all 
top-level guidance for scientific activities 
as the number one problem facing 
science in the federal government; and 
for deliberately planned innovations in 
our educational system which will per- 
mit significant improvements while re- 
taining the principle of freedom of ac- 
tion by states and local communities. 
His definitions of fundamental problems 
and issues are precise and valuable. 

He is less persuasive, however, in his 
proposed solutions. Wolfle presents his 
own positions logically and eloquently, 
but one is not always certain that he 
has included all the relevant considera- 
tions in his analyses. It is questionable, 
for example, whether the “ultimate solu- 
tion” of the difficulties inherent in the 
relations between scientific research and 
the military lies in the re-establishment 
of an Office of Scientific Research and 
Development along the lines of the just- 
ly praised World War II agency. Wolfle 
also supports the Berkner proposal for a 
limited type of Department of Science 
and Technology and the Klopsteg plan 
for financing higher education. What- 
ever the final fate of these suggestions, 
we can be grateful to Wolfle for his 
forthright and thoughtful presentation 
of the issues involved. Participants in 
future debates of these proposals will 
have to respect his considered judg- 
ments. 

Harry ALPERT 
University of Oregon 
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Méthodes Numériques, Interpolation, 
Dérivées. J. Kuntzmann. Dunod, 
Paris, 1959, xviii + 253 pp. Illus. 
F. 3600. 


In the recent past, there has been 
a dearth of books on numerical analy- 
sis in French; the only available book 
was Mineur’s Techniques de_ calcul 
numérique. Now the French have 
started to catch up, and if the present 
volume is any indication, the output 
will be of high caliber. Méthodes 
numériques is a thorough discussion of 
the field of interpolation and numeri- 
cal differentiation. Kuntzmann takes 
us through the first steps of interpola- 
tion, deriving all the classical results 
and introducing some new ones. An 
important feature is his list of opera- 
tion counts for the various methods 
of interpolation. This is obviously 
very important in deciding on the 
method to be used, especially in 
machine computation, where speed 
outweighs other considerations. 

After some further sophisticated 
discussion of interpolation, the book 
goes on to numerical differentiation, 
a field in which the author has made 
many important contributions. How- 
ever, in my opinion, the difficulties 
and dangers involved in numerical 
differentation are not __ sufficiently 
stressed. Other topics, including inter- 
polation and differentiation in the 
complex plane and in spaces of many 
dimensions, are then _ discussed. 
Finally, a general theory of linear in- 
terpolation is developed, and some 
simple examples of nonlinear inter- 
polation are studied. 

The general layout of the book is 
unsatisfactory. While there is a com- 
prehensive table of contents, there is 
no index. Furthermore, references are 
scattered throughout the text instead 
of being organized in one location. 
This is unfortunate since there are 
many useful references to tables and 
papers which are unavailable  else- 
where. An appendix, listing the main 
formulas useful in practice or at least 
listing their location in the text, would 
have been most useful. While these 
faults limit the book’s usefulness as a 
reference work, they in no way dimin- 
ish its value as a comprehensive text 
in this branch of numerical analysis, 
which is becoming more important in 
these days of satellite tracking. 

PuHILie RABINOWITZ 
Weizmann Institute of Science 
Rehovoth, Israel, and 
National Bureau of Standards 
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The Rainbow. From myth to mathe- 
matics. Carl Boyer. Yoseloff, New 
York, 1959. 376 pp. Illus. $10. 


This is the history of man’s view of 
one physical phenomenon sufficiently 
spectacular to attract the attention of 
primitive man and sufficiently complex 
to attract that of the modern scientist. 
It would be difficult to imagine a case 
history better adapted to demonstrate 
the interest and value of the history of 
science. Carl Boyer has shown in pre- 
vious works his competence to deal with 
both science and the history of science 
and this book is authoritative and emi- 
nently thought-provoking. 

He begins with an account of the 
rainbow in ancient mythology and con- 
cludes with the work of Aichi and 
Tanakadate (1906). “The twentieth 
century so far has not contributed to 
the story of the rainbow on so spectac- 
ular a scale as did the seventeenth 
and nineteenth centuries; . . .” (page 
320). In telling his story he is, of 
course, obliged to describe the develop- 
ment of most of the principles of optics, 
and to a considerable extent he has 
written a history of that science. 

The organization of the book is rigor- 
ously chronological.: Such organization 
may be inevitable in a pioneer work on 
an unfamiliar subject, but it leads to 
a certain monotony in the recitation of 
a long succession of opinions, most of 
which repeat earlier views. Although 
writers are commended or scolded for 
their advance toward, or regression 
from, the modern mathematician’s 
theory of the rainbow, the author draws 
relatively few general conclusions. The 
thoroughness and the logical organiza- 
tion of his work make it a source book 
which will suggest generalizations to 
others, and it is one of the few com- 
prehensive studies of early physics, out- 
side the field of classical mechanics. 
The names familiar from studies of the 
latter field are here, and their views are 
recounted. But on the rainbow, the 
views of men such as Ptolemy, Archi- 
medes, Philoponus, Alhazen, Buridan, 
Oresme, Leonardo, Gilbert, Galileo, and 
Kepler appear to have been of little 
immédiate importance. Some were not 
interested; others were conspicuously 
unenlightened on the subject. Who, 
then, were the men responsible for ad- 
vances in rainbow theory? Among those 
whose contributions were most impor- 
tant were Aristotle, Albertus Magnus, 
Witelo, Theodoric of Freiberg (whose 
contribution to rainbow theory, par- 
tially derived from experiment, is des- 


cribed as “the greatest contribution of 
the medieval age to physical science” 
[page 110]), De Dominis, Descartes, 
Marci, Newton, and Mariotte. With the 
exception of Descartes and Newton, 
none of these have been generally re- 
garded as major figures in the develop- 
ment of physics. This expansion of our 
field of view in the history of physics 
is probably the greatest contribution of 
this book. 

ROBERT P. MULTHAUF 
Department of Science and Technology, 
Smithsonian Institution 


Automatic Teaching: the State of the 
Art. Eugene Galanter, Ed. Wiley, 
New York; Chapman and Hall, Lon- 
don, 1959. viii + 198 pp. $3.25. 


Although the teaching machine as a 
piece of hardware dates back at least 
to the last century, enthusiasm for the 
possible uses of automatic teaching de- 
vices is a relatively new development. 
This book, an early product of that en- 
thusiasm, is a collection of papers and 
abstracts, presented at a conference on 
the automatic teaching of verbal and 
symbolic skills, held at the University 
of Pennsylvania in December 1958. 

The present-day teaching machine, 
characterized by an emphasis upon 
small response units, active responding, 
immediate reinforcement, and the pre- 
vention of errors, was conceived by 
B. F. Skinner, the Harvard psycholo- 
gist, and his ideas about operant condi- 
tioning have largely dominated attempts 
to automate teaching. A reading of the 
book leads to the conclusion that his 
thinking also dominated the conference. 

The book itself can be divided 
roughly into four sections: papers deal- 
ing with certain general problems of 
automatic teaching, summaries of pro- 
grams in which teaching machines have 
been used, reports covering several re- 
lated attempts at automatic instruction 
(for example, the scrambled text), and 
three papers that critically evaluate cer- 
tain aspects of the over-all approach 
to the issue. 

As do most reports of this sort, the 
book suffers from a disjointedness, a 
tendency toward repetitiousness, too 
much detail on occasion but not enough 
on others, and the failure to include a 
general introduction to set the stage 
and integrate the topics under discus- 
sion. I suggest that the prospective 
reader, unfamiliar with attempts at 
automatic teaching, first read Skinner's 
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article which appeared in Science [128, 
909 (1958)] 


Much can be said on the positive 
side. The papers taken together un- 
doubtedly reflect quite accurately the 


” 


present state of the “art.” Furthermore, 
they contain a great deal of informa- 
tion and many stimulating ideas. The 
book’s most important contribution, 
however, is in the reiteration of the 
vast number of questions that must be 
answered before such techniques can 
even approximate their maximal useful- 
ness, and the emphasis on the role 
teaching machines can play as a re- 
search tool in providing the answers. 
LYNE STARLING REID 
Department of Psychology, 
University of Virginia 


Rehabilitation of the Mentally Ill. Social 
and economic aspects. A symposium 
of the American Psychiatric Associa- 
tion. Cosponsored by the Section on 
Social and Economic Sciences of the 
American Association for the Ad- 
vancement of Science and by the 
American Sociological Society, De- 
cember 1957. AAAS Publ. No. 58. 
Milton Greenblatt and Benjamin 


Simon, Eds. American Association 
for the Advancement of Science, 
Washington, D.C., 1959. 260 pp. 
Iilus. Prepaid to members, $4.; 
others, $4.50. 


In general one may say that no sym- 
posium should be published as a sym- 
posium, for the editorial task of fitting 
the pieces together and of eliminating 
redundant repetitions always takes so 
much time and raises so much resent- 
ment that no editor, not even the most 
conscientious one, is persistent or heart- 
less enough to accomplish the task. 
Consequently, every published sym- 
posium is longer than it should be, and 
too much fine material is lost in a welter 
of words. This volume is no exception; 
if cut to one-third its size, it would be 
about 10 times as useful. Nevertheless, 
that which remains is of sufficient value 
to make the volume timely and worth a 
good deal of angry digging. 

After a foreword and a preface, Re- 
habilitation of the Mentally IIl is divided 
into four sections: “General problems” 
(Ewalt, Greenblatt, and Hunt), “Hos- 
pital phases of rehabilitation” (Martin, 
Notman, Landy, Raulet, Key, Witt- 
kower, and Azima), “The transition 
from hospital to community” (Temple 
Burling, George Brooks, Knudson, 
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Sanders, and Carmichael), and “The 
community aspects of rehabilitation” 
(Ernest Gruenberg, Huxley, Elsa Kris, 
Bertram J. Black, and Simon Olshan- 
sky). 

I kept wishing that the simple dia- 
grammatic staircase presented on page 
18 had been used as the skeleton of the 
book. Each aspect of the social re- 
habilitation of the mentally ill is placed 
on a step in this staircase. At the 
bottom is “Hospital,” then as one 
ascends the staircase he goes through 
“Night hospital,” “Day hospital,” “Shel- 
tered workshop,” “Half-way house,” 
“Family care,” ‘“Fx-patient clubs,” 
“After-care clinics,’ and “The com- 
munity.” Each of these steps could 
have been a chapter, and all the par- 
ticipants’ discussion, properly winnowed, 
could have been assembled under one 
or another of these categories. In this 
way, the whale volume could have been 
condensed, and the material concen- 
trated instead of scattered. 

One topic that is being considered at 
Fountain House is not discussed here: 
the preparation of families for the re- 
turn of patients to the family group. 
Family groups would be brought to- 
gether to discuss their problems and 
their feelings while the patients are still 
in the hospital but are nearing the time 
when they will make their first visits 
home. These could be group therapy 
sessions in anticipation of the return 
of patients. (This could also be done 
with foremen in industry, with em- 
ployers, and others.) 

I found certain chapters exemplary, 
but it would not be seemly to make 
invidious distinctions. | Furthermore, 
others: will undoubtedly find that other 
chapters are best for their needs. There- 
fore I limit myself to one recommenda- 
tion: those working in this field should 
take the time and make the effort to 
extract from the book its essential data, 
even though they will surely groan 
over the inhumanity of the symposium 
format for the ultimate reader. 

LAWRENCE S. KUBIE 
Sheppard Pratt Hospital, 
Towson, Maryland 


New Books 


Annual Reports on the Progress of 
Chemistry, 1958. vol. 55. R. S. Cahn, Ed. 
Chemical Society, London, 1959. 

Approach to Archaeology. Stuart Pig- 
gott. Harvard Univ. Press, Cambridge, 
Mass., 1959. 144 pp. $3. 

Chronic Illness in a Rural Area. The 
Hunterdon study. Reported by Ray E. 
Trussell and Jack Elinson. Published for 


the Commonwealth Fund by Harvard 
Univ. Press, Cambridge, Mass., 1959. 454 
pp. $7.50. This volume completes a series 
of four reports on the problems of chronic 
illness in the United States. The reports, 
published under the sponsorship of the 
Commission on Chronic Illness, are 
available from the Harvard University 
Press. 

La Culture des Tissus Végétaux. Tech- 
niques et réalisations. R. J. Gautheret. 
Masson, Paris, 1959. 881 pp. F. 10,500. 

Dictionary of Discoveries. 1. A. Lang- 
nas. Philosophical Library, New York, 
i959. 206 pp. $5. Alphabetically ar- 
ranged biographical entries cover ex- 
plorers, some instrument makers, and some 
people who financed the journeys. The 
entries vary from a few lines to a full 
page or more. 

Histologie und Mikroskopische Ana- 
tomie des Menschen. W. Bargmann. 
Thieme, Stuttgart, Germany, 1959 (order 
from Intercontinental Medical Book Corp., 
New York 16). 835 pp. $16.55. 

History of the American Dietetic As- 
sociation, 1917-1959. Mary I. Barber, Ed. 
Lippincott, Philadelphia, Pa., 1959. The 
first official history of the American Die- 
tetic Association from its inception in 
1917 through 1959. 

International Tables for X-ray Crystal- 
lography. vol. 2, Mathematical Tables. 
John §. Kasper and Kathleen Lonsdale, 
Eds. Published for the International Un- 
ion of Crystallography. Kynoch Press, 
Birmingham, England, 1959. 462 pp. 

An Introduction to Differential Geome- 
try. T. J. Willmore. Oxford Univ. Press, 
New York, 1959. 327 pp. $5.60. 

Larousse Encyclopedia of Astronomy. 
Lucien Rudaux and G. de Vaucouleurs. 
Prometheus Press, New York, 1959 (order 
from Putnam’s, New York). 506 pp. Until 
1 Jan., $12.50; after 1 Jan., $15. 

Melchior Treub. Pioneer of a new era 
in the history of the Malay Archipelago. 
H. H. Zeijlstra. Koninklijk Instituut voor 
de Tropen, Amsterdam, Netherlands, 
1959. 127 pp. 

Memory and Hypnotic Age Regression. 
Developmental aspects of cognitive func- 
tion explored through hypnosis. Robert 
Reiff and Martin Scheerer. International 
Universities Press, New York, 1959. 263 
pp. $5. 

The Military and Industrial Revolution 
of Our Time. Fritz Sternberg. Praeger, 
New York, 1959. 373 pp. $5.75. 

Principles of Mineralogy. William H. 
Dennen. Ronald, New York, 1959. 434 
pp. $7.50. 

Psychoendocrinology. Max Reiss, Ed. 
Grune and Stratton, New York, 1958. 
215 pp. $7. This volume contains 16 
papers from the symposium on psychoen- 
docrinology. The symposium was arranged 
in conjunction with the Second Interna- 
tional Congress for Psychiatry at Zurich 
to correlate the progress made in the 
study of endocrine function in psycho- 
pathology during the 7 years since the 
first congress. 

Real Analysis. Edward James McShane 
and Truman Arthur Botts. Van Nostrand, 
Princeton, N.J., 1959. 281 pp. $6.60. 

Regression Analysis. E. J. Williams. 
Wiley, New York; Chapman and Hall, 
London, 1959. 223 pp. $7.50. 
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Velocity of Light and Measurement 
of Interplanetary Distances 


Abstract. The combined availability of 
atomic clocks and of instrumented planet- 
oids traveling in their own solar orbits 
will offer the possibility of determining 
their distance from us, and hence inter- 
planetary distances, in terms of the wave- 
length of the radiation of atomic frequency 
standards. It can be anticipated that the 
accuracy of these measurements will be 
very high and will not depend upon our 
less accurate knowledge of the velocity 
of light in terms of the standard meter, 
the sidereal second, and so on. 


Ever since observation of the eclipses 
of Jupiter’s moons indicated that the 
velocity of light is finite—and gave the 
first measure of that velocity—much 
effort has been devoted to increasing 
the accuracy of our knowledge of this 
important physical constant. The pur- 
pose of this report is to suggest that a 
change of emphasis may be in the 
offing: As we learn how to make inter- 
ferometric measurements of distances 
between earth-borne stations and instru- 
mented planeioids gravitating in their 
own solar orbits, we may be led to 
accept c as just c, and to express im- 
portant parameters of our solar system, 
such as interplanetary distances, and 
the products of the masses of the sun 
and planets by the gravitational con- 
stant, in terms of the wavelength and 
period of the radiation of atomic fre- 
quency standards. 

Three great classical experiments, and 
the inventions which made them possi- 
vle, stand out among the many con- 
tributions made toward the measure- 
ments of length and of time. 

The first is the determination Fou- 
cault made of the speed of light, by 








Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and subniit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l1-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “‘Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 
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Reports 


means of a rotating mirror and over a 
measured distance, in terms of the 
standard meter and the sidereal second. 

The second is the measurement 
Michelson made, by means of his inter- 
ferometer, of the wavelength of the red 
cadmium line, in terms of the standard 
meter. Today this line is replaced by 
the green line of Hg8. It may be 
noted that these two experiments in 
combination yield the period of the 
Hg'°S green line in terms of the sidereal 
second. 

The third experiment is the measure- 
ment made, by means of the atomic 
clock suggested by Rabi, of the period 
of certain microwave lines, such as the 
cesium line, in terms of the sidereal 
second. 

It may be asked whether application 
of careful optical interferometric me- 
trology to the measurement of the 
dimensions of cavities or wave guides 
could not serve to determine the wave- 
length of the cesium line in terms of 
the green line of Hg’®S, but such an 
experiment would be subject to severe 
limitations. First, the width of the 
resonance line of the best microwave 
cavities, even superconductive cavities, 
sets an upper limit to the accuracy with 
which their resonance frequencies may 
be determined. Second, there is un- 
certainty about the surface penetration 
of these microwaves. Third, the fairly 
large natural relative width of the 
sharpest optical lines sets another upper 
limit to the accuracy with which the 
dimensions of cavities or wave guides 
may be determined in terms of standard 
optical wavelengths. These limitations 
would make any measurements based 
on cavities or wave guides inaccurate 
by comparison with the accuracy of our 
determinations for the period of the 
cesium line in terms of the sidereal 
second, or with the yet greater accuracy 
of agreement between cesium clocks 
that will eventually be obtained (the 
accuracy of agreement, at this writing, 
is already of the order of 1 part in 10"). 
These new orders of accuracy may well 
spark the question: What measurements 
of length will be made eventually with 
an accuracy depending upon the accu- 
racy of the cesium clock alone, and not 
upon other limitations such as the low 
Q’s of cavities or the large relative 
widths of optical lines? 


The answer to this question appears 
to be, the measurement of long dis- 
tances over line of sight and in vacuo 
by means of radio interferometry, these 
distances to be measured at first be- 
tween an earth station and an instru- 
mented planetoid, and the data thus 
obtained to be utilized subsequently to 
determine accurately interplanetary dis- 
tances. 

The radio interferometric procedure 
may be sketched as follows (7). Point 
A emits a continuous-wave signal of 
frequency /, regulated by an atomic 
clock. This continuous-wave signal is 
received at B, where a second signal 
is generated which is coherent with the 
first (say a continuous-wave signal of 
frequency 7f/6) and which can be 
emitted by B without interfering with 
B’s reception of f. This second signal 
is received at A, where it is retrans- 
formed into a signal of frequency /. 
The phase of this second f-signal is 
compared to that of the original emitted 
f-signal, and the number of 360° phase 
changes observed between these two 
signals during a given time interval is 
exactly equal to the number of wave- 
lengths by which the A® round-trip 
distance has increased (or decreased) 
during that given time interval. 

It may be noted that the precision 
with which the relative phase of the 
two f-signals can be determined, while 
subject to certain instrumental limita- 
tions, is fairly independent of range. 
Thus, the fractional accuracy with which 
distance increments can be measured 
will increase with increasing distance:, 
and will be determined eventually by 
Af/f, when the distances measured 
are of the order of magnitude Af/ Af, 
where /\f designates the uncertainty in 
our knowledge of f. If we make \ = 
10 cm and assume f/ Af = 10°, we get 
10° km for the order of magnitude of 
the shortest vacuum distances measur- 
able with an accuracy matching the 
cesium-clock accuracy just assumed. 
Vacuum distances of the order of 10° 
km are not availabie on the earth, and 
the only approximation of such experi- 
mental conditions is offered by the 
measurement of the distance between 
a point on the earth’s surface and an 
instrumented satellite of long range or 
an instrumented planetoid. The con- 
comitant requirement that line of sight 
be maintained at all times between the 
measuring points rules out most satel- 
lites but allows the measurement of 
distance between an earth station on a 
firm polar cap (Antarctica) and an in- 
strumented planetoid gravitating on a 
suitable solar orbit. 

The suggestion of a planetoid instru- 
mented for radio interferometry is at- 
tractive for additional reasons. First, 
there is an uncertainty of several wave- 


lengths (at S-band) in the distance 
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measurement, due to imperfect: knowl- 
edge of the refractive index in the small 
portion of the range included in the 
atmosphere, and due also to the un- 
known deformation of the earth crust. 
When the measurements are made over 
interplanetary distances, these uncer- 
tainties become much smaller than 1 
part in 10'°. Second, the ranges in- 
volved, even though enormous when 
compared to anything with which we 
have any experience (three orders of 
magnitude above “moon-radar” ranges), 
are quite manageable with modern radio 
techniques. Indeed, it has been cal- 
culated that isotropic planetoid emis- 
sions of the order of 1 watt will yield 
more than adequate signal-to-noise 
ratios at the earth station. And third, 
comparison of the orbital data thus 
obtained with the orbital data of the 
planets would increase the accuracy of 
our determinations of interplanetary 
distances by several orders of magnitude. 

This last point is the crux of the 
matter. Interplanetary distances are 
known today with an absolute accuracy 
of the order of 1 part in 10° only, 
owing to the poor degree of accuracy 
with which we know the parallax of the 
sun. On the other hand, interplanetary 
distances relative to each other are 
known with a much higher degree of 
accuracy, of the order of 1 part in 10°. 
Thus, the availability, for a single orbit, 
of data known with an accuracy of the 
order of 1 part in 10'° would yield 
immediate knowledge of the other inter- 
planetary distances with an accuracy 
of 1 part in 10°. This means that a 
single successful planetoid experiment 
would increase the absolute accuracy 
with which interplanetary distances are 
known from a figure well below that 
realizable in laboratory measurements 
to a figure well above it. This means 
also that later and more elaborate planet- 
oidal experiments will permit closer 
checks of the relativisitic gravitational 
correction, more accurate estimates of 
the distribution of large masses and of 
dust within the solar system, and so on. 
It even appears permissible to begin to 
speculate about the possibility of detect- 
ing spatial curvature or departures from 
the gravitational theory by means of 
these techniques. 

It is also worth noting that if the 
experiments forecast here are successful, 
the standard meter, the wavelength of 
the green line of Hg!®* and the sidereal 
second will play a secondary part in 
these measurements. The periods of 
the satellites and planets will be meas- 
ured eventually in terms of (for in- 
stance) the cesium line period ¢,; the 
orbital dimensions will be measured in 
terms of the wavelength of the cesium 
line \,; the product of the mass of a 
planet and the gravitation constant will 


32 





be measured in terms of j,°f,°, and 
so on. We shall have of course A, = 
ct,, by definition, but any determination 
of c in terms of “secondary” standards, 
such as the standard meter, the sidereal 
second, or the wavelength of the green 
line of Hg'®’, will be of much lower 
accuracy than the measurement of 
planetary parameters for which \, and 
t, will be the newly adopted primary 
standards. 

MarceEL J. E. GOLAY 
Philco Corporation, 
Philadelphia, Pennsylvania 


Note 


1. A detailed and quantitative description of this 
technique has been published (M. J. E. Golay, 
“Interferometric rocket guidance,’ Conf. Proc. 
PGMil of IRE, 2nd Natl. Conv., p. 182). 
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High-Resolution Density Gradient 
Sedimentation Analysis 


Abstract. The principle of stability for 
a sample layered in a density-gradient 
liquid column is discussed, and a method 
for separating ribonucleoprotein particles 
by means of sedimentation in the ultra- 
centrifuge is described. 


In the process of our studies of 
bacterial ribonucleoprotein particles 
(ribosomes), the need arose for a 
method of sedimentation analysis which 
would supply separated samples of the 
ribosomes of Escherichia coli (1-3). 
These particles have sedimentation con- 
stants of about 20, 30, 50, 70, and 
100S. Adequate separation of these 
classes has been obtained by sedimenta- 
tion at 105,000g through a density- 
gradient stabilized liquid column, use 
being made of the principle that the 
stabilizing density gradient must always 
exceed the inverted density gradient in- 
troduced by the sample. Since the 
method is mechanically simple and 
probably of general application, it is 
described separately in this report. 

Density gradients are commonly ap- 
plied to prevent mixing in liquid col- 
umns which are used for zone analysis 
by means of centrifugation or electro- 
phoresis. However, this method has 
been limited to very small quantities of 
material, since the sample itself may 
introduce a region of density instability. 
So long as the density increases in the 
direction of the gravitational (or cen- 
trifugal) field, the gradient will exercise 
a stabilizing force against mixing which 
occurs as a result of mechanical dis- 
turbances or temperature gradients. If 
the density gradient is locally inverted 
due to the presence of a sample, the 
liquid containing the sample will stream 
through the less dense underlying layers. 


This process does not necessarily stop 
when the stream reaches a region of 
equal density, since the stabilizing solute 
(usually more rapidly diffusing than 
the saraple) will diffuse into the stream 
and may continually reestablish a con- 
dition of instability. 

The sample layer shown in Fig. 1A 
is initially stable. However, as soon 
as the sample is moved downward (or 
the stabilizing solute diffuses into the 
sample layer), the inverted density 
gradient will cause streaming. The in- 
verted density gradient may be avoided 
if the sample is introduced (Fig. 1B) 
with a concentration gradient opposite 
to that of the stabilizing gradient, pro- 
vided the inverted density gradient due 
to the sample itself is significantly less 
than the stabilizing density gradient. 

Usually a maximum quantity of 
sample can be analyzed when both 
gradients are linear. The amount of 
sample which can be handled rises with 
the square of the width of the sample 
layer, since it is the gradient in density 
and not the maximum density of the 
sample which determines stability. 

The instability of sharply defined 
sample layers has been previously recog- 
nized and offset (4) by stirring the 
sample layer to reduce the inverted 
gradient at the lower edge of the band. 
Stable inverted sample gradients of com- 
plex shape have been created through 
the use of mixing chambers (5). How- 
ever, the large sample capacity and the 
simplicity of the inverted linear sample 
gradient have not previously been men- 
tioned in the literature. 

This principle has been applied suc- 
cessfully both for analysis by electro- 
phoresis and for analysis by sedimenta- 
tion in the ultracentrifuge. Since the 
latter application has been of great 
importance to our experiments on syn- 
thesis of (7, 2) and by (6) the ribo- 
somes of E. coli, it is described here in 
detail. 

A linear stabilizing density gradient 
of sucrose (20- to 5-percent) was pre- 
pared with a modification of the linear 
gradient mixing device of Bock and 
Ling (7), shown in Fig. 2. Such gradi- 
ents are stable for many hours, and only 
moderate care need be taken in handling 
the tubes. The same device was then 
used to introduce the inverted sample 
gradient. For this purpose the lefi-hand 
chamber was loaded with 0.2 ml (for 
example) of buffer containing 5 mg of 
ribosomes per milliliter, and the right- 
hand chamber with 4-percent sucrose 
in the same buffer. The sudden step in 
sucrose concentration from 5 to 4 per- 
cent makes it possible to start the sam- 
ple gradient without undue mixing. The 
stabilizing gradient can be reduced when 
the sample to be analyzed is small. 
Gradients of 10- to 3-percent sucrose 
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Fig. 1. Conditions for stability in a density 
gradient liquid column. Solid line, stabiliz- 
ing gradient; dotted line, contribution due 
to a sample in process of analysis. 
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Fig. 2. Mixing chamber for the production 
of linear stabilizing gradients. The left 
chamber is filled with 2.4 ml of 5 percent 
sucrose, and the right, with 2.2 ml of 20- 
percent sucrose. After filling and after 
starting of the mixing motor, the center 
valve is opened and the exit tubing is 
turned down to touch the side of the 
centrifuge tube. The sucrose solution then 
runs down the wall of the tube. If the 4.6 
ml are delivered in 10 to 15 minutes, the 
succeeding lighter solution floats on the 
underlying liquid with little mixing. 
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Fig. 3. Example of the use of density 
gradient stabilized sedimentation analysis 
for measurement of radioactivity incor- 
porated into the smaller ribosomes during 
l-minute exposure to S*O,. Solid line, 
optical density at 260 mz of 0.2-ml samples 
diluted to 1.2 ml. Dotted line, trichloro- 
acetic acid precipitable radioactivity. 
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have been used occasionally and are 
quite adequate. 

This whole process was carried out 
in the cold room with solutions at 1° 
to 4°C. The tube was loaded into the 
precooled swinging bucket rotor (Spinco 
SW39) and centrifuged for the appro- 
priate time. As quickly as possible at 
the end of the run, the tube was gently 
lifted out of the rotor and mounted in a 
device which perforated i}:e bottom of 
the centrifuge tube with « hypodermic 
needle (ground to a short, double-sided 
point) located about 1 mm above the 
bottom of the tube. After removal 
of a piano wire which kept the hypo- 
dermic tubing clear and free of air 
bubbles, the contents of the tube were 
run out in 25 equal cuts by drop count- 
ing. 

Figure 3 shows the result of use of 
this system for examination of the radio- 
activities of the smaller particles of 
Escherichia coli after a short period of 
incorporation of radioactive sulfate. A 
growing culture of E. coli was starved 
of sulfur for 30 minutes, and then 
S°O:- was added. After 1 minute, 
carrier S"O.-, S*-cystine, and S*- 
methionine were added to displace the 
radioactivity of the rapidly-turning-over 
soluble proteins synthesized by the 
ribosomes (6). Fifteen seconds later 
the culture was suddenly chilled to 0°C, 
the cells were washed and broken, and 
the ribosomes were harvested in the 
preparative ultracentrifuge. The ribo- 
some pellet was resuspended in appro- 
priate buffer, and a sample was loaded 
in an inverted linear gradient layer, as 
described above. The tube was then 
centrifuged (37,000 rev/min, for 150 
minutes) to pellet most of the 70 and 
100S ribosomes in order to spread out 
the 20-to-50S region for a close ex- 
amination of the smaller ribosomes. 

The peaks in the diagram correspond 
closely with the peaks shown by the 
analytical centrifuge which was used to 
determine the sedimentation constants. 

A series of experiments of this type 
(2) shows that the newly synthesized 
ribosomal protein and ribonucleic acid 
appear first in the smaller ribosomes 
(20, 30, 50S) and later in the larger 
ones (70, 100S). 

A sample of the width discussed 
above has provided the best compromise 
between high resolution and a useful 
quantity for analysis, although the reso- 
lution could probably be improved to 
the limit set by diffusion if smaller 
samples and great care were used. For 
the example shown in Fig. 3, the full 
width (2 max.) due to diffusion alone 
would be about 1 mm or about % of 
the observed width. Since the width is 
due to causes other than diffusion, 
equivalent resolution could be obtained 
for objects very much smaller than the 


ribosomes, For example, serum globulin 
(molecular weight, 170,000, about 75) 
would require about 12 hours of cen- 
trifugation, and the resulting diffusion 
width would be about 3 mm. For the 
preparation of large quantities of mate- 
rial, very broad sample gradients are 
useful. In the preparation of pure 30S 
particles from a mixture of 30 and 50S 
ribosomes, 2.4 ml of a very concen- 
trated ribosome suspension are placed in 
the left chamber, and 2.4 ml of 20- 
percent sucrose, in the right chamber. 
In this way 10 to 20 mg of pure 30S 
particles may be obtained in a single 
run. 

It is worth noting that, while the 
centrifugal force doubles from the top 
to the bottom of the tube in the swing- 
ing bucket rotor, the viscosity of 20- 
percent sucrose is about twice that of 
water. When correction is made for the 
density of the sucrose solution, it is 
found that the sedimentation velocity of 
ribosomes is very nearly constant 
throughout the length of the centrifuge 
tube. 

R. J. BRITTEN 

R. B. ROBERTS 
Department of Terrestrial Magnetism, 
Carnegie Institution of Washington, 
Washington, D.C. 
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Daily Light Sensitivity Rhythm 
in a Rodent 


Abstract. Single 10-minute light periods 
can cause a phase shift in the rhythm of 
the daily locomotor activity of flying squir- 
rels otherwise maintained in constant dark- 
ness. A daily rhythm of sensitivity to these 
standard light periods was found. 


Recent investigations have demon- 
strated that many animals in isolation 
conditions exhibit a precise rhythm of 
locomotor activity which appears to be 
controlled by a “biological clock,” char- 
acteristic in cycle length for each indi- 
vidual animal. Nocturnal rodents show 
cycles ranging from about 22 hours to 
about 25 hours in length for different 
individuals (J,2). These endogenous 
rhythms may be synchronized by clues 
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TIME OF LIGHT SHOCK IN HOURS RELATIVE TO ONSET 


Fig. 1 (top). Activity record of a flying squirrel, showing light-shock effects: (a) delay 
shift in phase caused by a light shock starting 1 minute after the beginning of the daily 
activity period; (b) advancing phase shift caused a light shock 9 hours after the onset 
of activity. Arrow indicates light periods. Fig. 2 (bottom). Light-sensitivity curves for 
two flying squirrels, A and B. 
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in the environment, such as the light- 
dark cycle of a natural or artifical 
day (J). 

It has been suggested that such syn- 
chronization is brought about by a 
rhythm of sensitivity of animals to light. 
In Peromyscus, feeding disturbances 
with a dim light during the sensitive 
phase caused a delay in the start of 
activity the following night, while a 
similar disturbance in the insensitive 
phase had no effect on the activity 
rhythm (3). With standard light ex- 
posures of several hours’ duration, 
rhythms of light sensitivity have been 
shown in the hamster (4), and in 
Euglena (5). Cultures of Drosophila, 
when exposed to light, showed phase 
shifts dependent upon the time in their 
daily hatching rhythm at which light 
occurred (6). 

To further describe the effect of light 
on the endogenous rhythm, a quantita- 
tive determination was made of the 
rhythm of light sensitivity; short-term 
“light shocks” of standard duration and 
intensity were used at hourly intervals 
during the daily activity cycle. For this 
study flying squirrels, Glaucomys vo- 
lans, were housed individually in record- 
ing wheel cages. A nest chamber, sup- 
plied with excess food and water, pro- 
vided free access to a running wheel 
mounted on a bicycle axle. Revolutions 
of each squirrel were indicated on an 
Esterline-Angus Operations Recorder. 
Cages were maintained individually in 
light-tight cabinets, in constant dark- 
ness, at a uniform temperature + 1°F 
per day. 

The 24-hour records for each indi- 
vidual were mounted in a consecutive 
vertical series and showed that a squir- 
rel alternated approximately 12 hours 
of inactivity with 12 hours of intense 
running in the wheel (Fig. 1). By meas- 
uring the time between successive daily 
onsets of running in the wheel in con- 
stant darkness (2), it was possible to 
determine the slope of the onset of ac- 
tivity and thus to predict the start of 
activity on a particular day. At inter- 
vals of 4 to 25 days the squirrels were 
exposed to 10 minutes of light of an 
intensity of 0.5 ft-ca. A phase shift was 
calculated as the difference between the 
expected and the actual time of activity 
onset for the activity period following 
the light shock (method shown diagram- 
matically in Fig. 1). 

These phase shifts, illustrated graph- 
ically in Fig. 2, demonstrate a marked 
rhythm of light sensitivity. The form of 
the curve followed a similar pattern for 
12 squirrels tested. Maximal delay effect 
occurred with light at the onset of run- 
ning in the wheel. A 6- to 7-hour period 
of gradually decreasing delay phase 
shifts followed. At about 7 hours after 
the start of running a change was made 
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to a short period of resetting by advanc- 
ing the time of onset, until at 10 to 14 
hours after the onset of activity the 
squirrel reached the inactive, light 
insensitive part of its cycle. No phase 
shifts were caused by light during the 
remainder of the inactive period except 
during the last hour before the start of 
running in the wheel. 

While sensitivity curves for different 
squirrels showed a similar form, they 
differed slightly from each other in de- 
tails. Striking differences in the amount 
of phase shifting caused by equivalent 
light shocks were common for different 
individuals. Likewise, small differences 
in the time relationships of the two 
curves are apparent in Fig. 2. 

Such a rhythm of sensitivity to light 
has been found adequate to explain the 
stepwise synchronization of the active 
period of all flying squirrels tested, re- 
gardless of their cycle lengths, to the 
time of darkness in artificial or natural 
days (7). A daily rhythm of light sensi- 
tivity also serves as a basis for the inter- 
pretation of many previous studies of 
the effect of light upon the activity 
cycles of rodents (8). 

Patricia J. DE CouRSEY 
Zoology Department, 

University of Wisconsin, Madison 
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Heat-Labile Serum Systems 
in Fresh-Water Fish 


Abstract. Serum specimens from 18 
specimens of 12 different species of fresh- 
water fish were examined for their ability 
to kill Toxoplasma nonspecifically. This 
ability was present in all sera except those 
of two of three great northern pike. The 
effect was destroyed by exposure to 53°C, 
56°C, or zymosan. Complement was dem- 
onstrated in all sera except that from one 
great northern pike, when rabbit erythro- 
cytes were used in the indicator system. 


Specific toxoplasma antibody, when 
measured in the dye test (1), requires 
the presence of a heat-labile serum sys- 
tem (activator), similar to, if not iden- 
tical with, the properdin system (2, 3). 
“Activator” can be measured quite ac- 
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curately in human serum, but its detec- 
tion in other species is difficult because, 
generally, they possess a_heat-labile, 
nonantibody dependent factor(s) which 
kills Toxoplasma, giving them an un- 
stained appearance in the dye test. Aside 
from the mouse (which has neither the 
“activator” nor the antiparasite effect), 
the heat-labile, nonspecific system has 
been demonstrated in the sera of rats, 
monkeys, cattle, sheep, horses, swine, 
mink, rabbits, guinea pigs, dogs, cats, 
pigeons, chickens, and ducks. With the 
exceptions noted, it thus appears to be a 
characteristic of most, if not all, species 
of mammals and fowl. Recently, an op- 
portunity presented itself to extend 
these observations to several varieties 
of fresh-water fish. This report includes 
data on both nonspecific antitoxoplas- 
mic factor and hemolytic complement 
in the sera of 12 species of fish. 

The fish were obtained from Oneida 
Lake, New York, by netting (4). Their 
ages were undetermined except that all 
appeared to be mature specimens. 
Bleeding was accomplished by cardiac 
puncture (without anesthesia), using 
sterile needles and syringes. The bloods 
were transferred to sterile test tubes 
and chilled in wet ice until returned to 
the laboratory 1 to 2 hours later, where 
the sera were separated from the clots 
and promptly frozen and stored in dry 
ice. The specimens were thawed rapidly 
just prior to use and kept cold in an 
ice-water bath throughout the dilution 
procedure. 

Testing for the nonspecific factor 
was accomplished by mixing 0.2 ml of 
either the undiluted or serial twofold 
dilutions of the serum with 0.05 ml of 
fresh mouse peritoneal exudate con- 
taining large numbers of Toxoplasma 
(RH strain); sufficient heparin was added 
to the exudate to make a final concen- 
tration of 1:10,000 in each tube. The 
tubes were incubated for 1 hour in a 
37°C water bath, alkaline methylene 
blue was added, and the stained and 
unstained parasites were enumerated in 
the usual fashion (/). All serum dilu- 
tions were made with 0.85-percent salt 
solution. The titer of the nonspecific 
factor was taken to be the reciprocal of 
the original dilution of serum in which 
50 percent of the parasites were un- 
stained. A control tube was included 
in which the undiluted serum had been 
heated at 56°C for 30 minutes (5). In 
addition, some sera were examined 
after heating at 53°C (6) for 25 min- 
utes; the results were almost identical. 
One specimen of carp serum was treat- 
ed with zymosan at 17°C (3) and then 
tested for the nonspecific factor. In one 
experiment, the coagulation of aliquots 
of catfish, carp, and smallmouthed bass 
bloods was prevented by heparin and 
Versene, but these sera reacted no dif- 





ferently from that obtained from spon- 
taneously coagulated blood. Hemolytic 
complement was assayed in the fish 
sera by testing with sheep erythrocytes 
in some instances and in others with 
rabbit red cells according to the rec- 
ommendations of Cushing (6). The va- 
rious data obtained from 18 of the fish 
(12 species) are summarized in Table 1. 

It will be noted that, to varying de- 
grees, all of the sera contained non- 
specific, antitoxoplasmic factor except 
the sera of two of the three great north- 
ern pike. The sera of the third pike 
was minimally positive in a dilution of 
1:2. One of the inactive sera was ob- 
tained from a mature specimen, 40 in. 
long and about 14 lb in weight. It is 
interesting that the five pike perch, a 
species closely related to the great 
northern pike, were all positive and to 
the same marked degree, 1:32. 

In each instance, the antitoxoplasmic 
effect was eliminated by heating for 30 
and 25 minutes at 56° or 53°C, respec- 
tively, although in a few of the latter 
cases, questionable activity remained 
in the undiluted serum. The one carp 
sample that was treated with zymosan 


Table 1. Nonspecific heat-labile antitoxoplas- 
mic and hemolytic complement titers of 12 
species of fresh-water fish. Heat of 56°C 
eliminated the heat-labile, nonspecific, anti- 
toxoplasmic factor. The effect of 53°C heat 
on the complement is shown below. 





Titer Effect of 

wires Complement 53°C heat 
specific Lee oy on com- 

factor cells) plement 





Bullhead (Ameiurus nebulosus) 
RY Undiluted al 


Carp (Cyprinus carpio) 
1:87 


1:8° = 
Catfish (Ictalurus punctatus) 

1:4 1:4 Eliminated 
Common sucker (Catostomus commersonii) 

| iY 1:4 Eliminated 

Dogfish (fresh-water) (Amia calva) 

1:4 1:4 Eliminated 

Eel i chrysypa) 
1:2 1:8 Eliminated 


Great northern pike (Esox lucius) 


None found None found Not done 
None found 1:2 Not done 
2 1:8 + 
Largemouthed bass (Huro salmoides) 
1:4 1:8 + 
Ling (Lota maculosa) 

i Ase Eliminated 
Pike perch (Stizostedion vitreum) 
1:32 1:8 Undiluted 
fe. Not done Not done 
E:3Z Not done Not done 
1:32 Not done Not done 
1:32 Not done Not done 
Smallmouthed bass (Micropterus dolomieu) 
1:64 1:16 Eliminated 
Yellow perch (Perca flavescens) 
1:16 Not done Not done 





* Eliminated by treatment with zymosan at 17°C. 
+ None demonstrated with sheep red blood cells. 
5.5 y/ml with sheep red blood cells. 
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became negative for the nonspecific 
factor. In previous, unpublished studies 
with rabbit sera, we found that treat- 
ment with zymosan uniformly elimi- 
nates the nonspecific factor. 

When complement determinations 
were attempted with a sheep red blood 
cell system, no activity was demon- 
strated in one carp, but one pike perch 
had 5.5 units/ml. These were the only 
two specimens examined in this man- 
ner. The remaining samples were ti- 
trated for complement with rabbit red 
cells (6) and all were positive except 
one of the great northern pike. Both 
the nonspecific and complement activ- 
ities (as determined with rabbit cells) 
were either present or absent from the 
same sera, except in one northern pike. 

Except for previous studies of com- 

plement in carp by Cushing (6), little 
is known of the heat-labile serum fac- 
tor content of fish sera. Such sera may 
be readily obtained with very little 
practice by cardiac puncture and the 
fish may be kept alive for several bleed- 
ings. Some 90 ml of blood were pro- 
cured in separate bleedings on two con- 
secutive days without killing a carp. 
The eel presented something of a prob- 
lem because it was difficult to hold, 
and oozed a considerable amount of 
oil. We believe, however, that. blood, 
rather than a mixture of blood and oil, 
was obtained. 
‘ It seems reasonable to assume that 
the heat-labile, antitoxoplasmic system 
in the fresh-water fish is similar to, if 
not identical with, that of mammals 
and birds. Although toxoplasma infec- 
tions have not been demonstrated in 
fish, the presence of the heat-labile 
serum activities is probably a fortuitous 
biologic coincidence, for it would seem 
unlikely that they were acquired as a 
specific response to any infectious 
agent. Properdin, complement, and 
Mg* (2) make up a portion of the non- 
specific system which probably also 
possesses other as yet unknown com- 
ponents, as well. 

The behavior of the great northern 
pike is of special interest, since two of 
the three specimens were inactive. In 
fact, after the first was found to be 
negative, the other two specimens were 
acquired to check this initial experi- 
ence. Since the great northern pike, 
pike perch, and muskellunge are close- 
ly related, it would be of considerable 
interest to examine the latter. This is 
to be attempted as specimens become 
available. Whether the sera of salt- 
water fish possess heat-labile activities 
comparable to those of the fresh-water 
fish also remains to be determined (7). 

Harry A. FELDMAN 
Louise T. MILLER 
Department of Preventive Medicine, 
State University of New York, 
Upstate Medical Center, Syracuse 
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Chemically Induced Phenocopy 
of a Tomato Mutant 


Abstract. Lanceolate, a spontaneous 
leaf-shape mutant which fails to produce 
cotyledons and plumule in the homozygous 
condition, shows development if supplied 
with either adenine or a diffusate obtained 
from normal seeds. Similar development 
occurs in a different genetic background. 


The leaf of the normal tomato, Ly- 
copersicon esculentum, is odd-pinnately 
compound. In contrast, a leaf-shape 
mutant found by Casseres of Costa 
Rica has a simple, entire, elongated 
leaf which we called lanceolate. Asso- 
ciated with the lanceolate leaf shape are 
small fused cotyledons, early appearance 
of axillary shoots, which indicate weak 
apical dominance, leafy inflorescence, 
and reduced flower size. 

On selfing, lanceolate always segre- 
gated normal and lanceolate plants ap- 
proximately in a 1:2 ratio. In addition, 
about a quarter of the seeds either 
failed to germinate or appeared as nar- 
row or reduced phenotypes (Table 1). 
Reduced seedlings never developed be- 
yond a cylindrical mass of green tissue 
about 5 cm tall and 0.2 cm in diameter, 
without a trace of cotyledons or plu- 
mule. When ungerminated seeds from 
lanceolate plants were dissected, about 
one quarter of the embryos were com- 
pletely devoid of cotyledons and plu- 
mule. We assume that such embryos 
would give rise to reduced seedlings 
under favorable conditions of germina- 


tion. Narrow plants, on the other hand, 
had the appearance of an extreme 


lanceolate. In contrast to reduced 
seedlings they had cotyledons and 
plumule; furthermore, they produced 
shoots, leaves, and aborted inflores- 
cences, but never flowers. If narrow 
and reduced phenotypes and the un- 
germinated seeds are considered to be 
homozygous lanceolate, the segregation 
in the upper part of Table 1, which 
shows the segregation from selfed 
lanceolate and from the hybrid lan- 
ceolate x lanceolate, is not significantly 
different from a 1:2:1 ratio. That 
lanceolate is a heterozygote is also clear 
from the progeny of lanceolate crossed 
with normal: both lanceolate and 
normal plants appear in about equal 
proportions (lower part of Table 1). 
In effect, the normal allele behaves as 
a recessive. In accordance with long- 
established usage, lanceolate is con- 
sidered to be a dominant allele because 
it produces an observably different 
phenotype in the heterozygous condi- 
tion, and regardless of the fact that 
homozygous lanceolate may be ex- 
pressed as an even more extreme 
phenotype (narrow or reduced). 

It is evident that the lanceolate gene 
has an effect on the growth of cotyledons 
and leaves. One lanceolate allele re- 
duces the size markedly; with two there 
is even greater reduction in leaf size 
(as in narrow) or complete absence (as 
in reduced). Thus, the lanceolate gene 
may be responsible for a deficiency of 
some growth substance. Several authors 
have identified substances with growth- 
promoting properties that may have 
some relevance. Went (/) found that 
there was in the cotyledons of peas a 
substance that promoted leaf growth. 
It could diffuse out of germinating seeds 
and stimulate growth of excised pea 
leaves in culture medium (2). Bonner 
and Haagen-Smit (3) have shown that 
adenine influences the growth of meso- 
phyli but has no influence on the growth 
of veins. On the other hand, Went and 
Thimann (4) have shown that auxin 
increases the growth of veins, but not 
the growth of mesophyll. Finally, Miller 
and Skoog (5) concluded that the 
initiation and development of buds from 
tobacco pith cells in vitro was dependent 


Table 1. Segregation in selfed and hybrid cultures of lanceolate. 





Normal Lanceolate Narrow Reduced No germ. Total 





Lanceolate selfed 


Germinated in soil 22 

Germinated on filter paper 35 
(F; lanceolate from lanceolate X< 

broad) X lanceolate 10 
Total 67 
Exp. (1:2:1) 75 
Lanceolate < normal 19 
Exp. (1:1) 17 


58 1 0 24 105 
68 0 37 0 140 
33 11 0 0 54 
159 73 299 
149 75 299 
15 34 
17 34 
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Table 2. Effects of diffusate and adenine on 
germinating seeds of lanceolate. 
Re- Modi- 
Normal Lanceolate duind fied Total 
Diffusate 
15 25 4 6 50 
Adenine 
39 8 3 50 





Table 3. Effect of various adjuvants on reduced 
embryos grown in White’s medium. 








Treatment Font 4 rg Total 
(i) Strong diffusate . 1 5 
(ii) Weak diffusate 1 3 4 
(iii) Adenine 2 3 5 
(iv) Adenine + 

indoleacetic acid 2 3 5 
(v) Indoleacetic acid 5 0 5 
(vi) Distilled water 

(control) 5 0 5 





upon the proper balance of adenine and 
indoleacetic acid (auxin). 

Our first success in attempting to 
obtain growth in the reduced phenotype 
came by treating germinating seeds of 
lanceolate with diffusate and adenine; 
the seeds, of course, contained embryos 
in the proportion of 1 normal : 2 lan- 
ceolate : 1 reduced. Diffusate was pre- 
pared in the following manner: 500 
normal tomato seeds were soaked in 
20 ml of distilled water. After 3 days 
the water, with diffusible substances, 
was removed, and distilled water was 
again added. This procedure was re- 
peated daily for a total of 4 days. The 
solution removed from the seeds was 
lyophilized to dryness, and the powder 
was dissolved in 10 ml of distilled water. 
Fifty seeds of lanceolate were germi- 
nated on filter paper in a Petri dish 
which contained the 10 ml of concen- 
trated diffusate. Of the 50 resulting 
seedlings, four were typical reduced 
plants but six were a new phenotype, 
which we called “modified” (Table 2). 
Instead of remaining as a cylindrical 
mass of tissue, the hypocotyl broadened 
at the tip to form a structure resembling 
a cotyledon, at the base of which a bud 
developed that later grew into a shoot. 
The mature plant that developed from 
this shoot was very similar to the nar- 
row phenotype, although the latter al- 
ways had two cotyledons and a plumule 
to begin with. A second 50 seeds were 
treated with 40 parts per million of 
adenine sulfate; they produced eight 
reduced seedlings and three of the modi- 
fied phenotype. 

Tomato seeds usually complete their 
germination in 7 to 10 days; however, 
it was noted that the normal seeds from 
which the diffusate had been removed 
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failed to complete germination. The 
roots developed almost at the normal 
rate, the hypocotyl elongated only 
slightly, but the cotyledons never 
emerged from the seed coat, nor did 
they show any sign of growth. Thus, a 
substance or substances required for 
early cotyledon and shoot growth may 
diffuse out of the germinating seeds. 
If the substance or substances are con- 
tinuously removed from the seeds, 
normal growth will not take place. 

In a second experiment seeds from 
selfed lanceolate plants were soaked in 
distilled water for 3 days, then dissected 
under sterile conditions. Embryos with- 
out cotyledons, presumably homozygous 
lanceolate, were selected. These were 
placed individually in test tubes on an 
agar surface. All of the test tubes con- 
tained White’s medium (6) which had 
been autoclaved with 1-percent agar. 
To this basic medium the following sub- 
stances had been added after steriliza- 
tion by filtration: (i) strong diffusate 
(1 ml of concentrated diffusate—dif- 
fusate from 50 seeds); (ii) weak diffu- 
sate (42 mi of concentrated diffusate 
plus % ml of distilled water—diffusate 
from 25 seeds); (iii) adenine sulfate, 40 
parts per million; (iv) adenine sulfate, 
40 parts per million, plus indoleacetic 
acid, 1 part per million; (v) indoleacetic 
acid, 1 part per million; (vi) distilled 
water, which served as a control. 

Again the modified phenotype ap- 
peared when the reduced embryos were 
treated with either diffusate or adenine 
(Table 3). It is clear that a substance 
(or substances) which diffuses out of 
normal tomato seeds stimulates the 
development of cotyledon-like structures 
and buds in the reduced embryos. It 
is possible that the poorer results ob- 
tained at higher concentration of dif- 
fusate may be due to toxic substances 
in the diffusate or to an imbalance of 
factors. Adenine appears to give the 
full effect of the diffusate, and its effec- 
tiveness is not enhanced by indoleactic 
acid. Embryos which develop in re- 
sponse to either adenine or diffusate 
continue to grow when transferred to 
soil and produce a plant very simiiar to 
narrow; that is, the phenotype modified 
is a phenocopy of narrow. 

Davip S. MATHAN 
JAMES A. JENKINS 
Department of Genetics, 
University of California, Berkeley 
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Mitotic Arrest by Deuterium Oxide 

Abstract. In marine invertebrate eggs, 
where cell divisions occur without growth, 
deuterium oxide produces arrest of, or 
serious delay in, mitosis and cytokinesis. 
All stages requiring assembly or operation 
of mechanical structures in the cytoplasm 
are sensitive to D.O. The block is re- 
versible in some cells. 


Recent investigations of the effect of 
heavy water on biological systems have 
emphasized a finding implicit in the 
early papers—that in concentrations. as 
low as 30 to 40 percent, D-O arrests or 
delays cell division, without serious or 
immediate effects upon growth. Newer 
experiments on mammals and algae, 
respectively, are reported by Katz et al. 
(1) and by Moses et al. (2). 

This result is of interest for two 
reasons: first, because the “isotope 
effect” is so large (see 3), and second, 
because interference with cell division 
by so “simple” an agent offers some 
possibility of analysis in terms of pri- 
mary molecular events. 

We have undertaken a study of the 
effect of D:O on fertilization and cleav- 
age in the eggs of the sea urchin, Ar- 
bacia  punctulata, and the annelid, 
Chaetopterus pergamentaceus. This re- 
port is a descriptive summary of the 
findings. Marine eggs were chosen for 
this study in order to avoid a source 
of confusion present in the systems 
heretofore investigated—that is, simul- 
taneity of growth and division. As ex- 
plained by Swann (4), division occurs 
in the absence of growth in the early 
development of the sea urchin. The 
same is true, presumably, for the egg of 
Chaetopterus. 

Lucké and Harvey reported in 1935 
(5) that cleavage of sea-urchin eggs was 
completely blocked in 99.5 percent 
D.O, while in the same cells there was 
no evidence of rapid changes in perme- 
ability. Hoberman et al. (6) have found 
that cleavage is somewhat delayed in 
sea water containing a 9.1 atom-per- 
cent excess of D. Ussing (7), studying 
amphibia, and hampered by the neces- 
sity of employing minute volumes of 
medium, was able to show that even 
low concentrations of D-O retard cleav- 
age, and that no cleavage takes place 
in D.O concentrations higher than 40 
percent. 

The experiments under discussion 
were concerned with the following vari- 
ables: effect on fertilization compared 
with that on division, concentration of 
D.O, stage of arrest or delay, possibility 
of reversal, and species. 

When sea urchin eggs were insemi- 
nated in sea water and in a series of 
sea waters reconstituted with D.O, it 
was found that eggs in media contain- 
ing up to 25 percent (8) of heavy water 
fertilized normally. The criterion for 


37 








e~ 





4 


Fig. 1. Arbacia eggs (controls), 93 minutes after fertilization, showing four-cell stages. 
Fig. 2. Eggs from the same batch, placed in sea water containing D.O 15 minutes after 
insemination, photographed at 96 minutes. Fig. 3. Controls 3% hours after fertilization. 
Fig. 4. The same eggs as in Fig. 2, returned to normal sea water after 85 minutes in 
D.O. Multiple irregular cleavages are evident. The horizontal lines represent 100 wu. 


normal fertilization was the elevation 
of a clearly separated fertilization mem- 
brane within 5 minutes after insemina- 
tion. At higher concentrations, the num- 
ber of eggs fertilized declines sharply, 
so that in 50 percent D:O, less than 
half of the eggs ever elevate mem- 
branes; in 75 percent D-O, about 10 
percent do so, and in 96 percent D:O, 
2 percent of the eggs are fertilized. 
Sperm motility seems to be unaffected, 
even in media containing 96 percent 
heavy water, for at least several min- 
utes after dilution of the seminal fluid. 

The effect of D:O on cell division is 
separable from the effect on fertiliza- 
tion, as is shown in the following man- 
ner. Eggs were transferred from normal 
sea water, in which thcy had been 
fertilized, to sea water containing 96 
percent D:O, at 20, 30, 42, 47, and 50 
minutes after insemination. Simultane- 
ously, control samples were transferred 
to reconstituted sea water prepared from 
dried salts and distilied water. Mitotic 
events were followed by continuous ob- 
servation of the cells and by photog- 
raphy of several low-power fields of 
each sample at intervals of about 5 min- 
utes. All of the controls showed a nor- 
mal sequence of events: the beginning 
of a “streak” at 20 minutes, metaphase 
spindles at 42 minutes, a few furrows 
beginning at 47 minutes (hence, ana- 
phase), and normal cleavages at 50 min- 
utes. The cells in D-O were all arrested 
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at the stage of entry. No cleavages 
(other than those already present in the 
47- and 50-minute samples) were ac- 
complished in these cells, even when 
the controls were entering the second 
division. Thus, it appears that the block 
occurs in all stages of mitosis and cyto- 
kinesis. 

Sixty-six minutes after the immersion 
of each batch in D:O, the experimental 
samples were washed with normal sea 
water. Their development was followed 
for several hours. Some reversal of the 
block was seen in all of the experi- 
mental samples; within 60 minutes after 
washing, all samples contained numbers 
of dividing cells. Some 30 to 40 percent 
of the treated cells never divided,’ but 
in the remainder, the divisions were 
frequently multiple and rapid, albeit 
irregular. There was a distinct tendency 
for treated cells to “catch up” with con- 
trols. This suggests that metabolic work 
and chromosome duplication were not 
blocked. 

The photographs (Figs. 1-4) were 
made during another experiment in 
which the cells were immersed in D:O 
fifteen minutes after insemination. Fig- 
ure 1 shows the condition of the con- 
trols 93 minutes after fertilization, and 
Fig. 2, that of the D:O-treated cells 96 
minutes after fertilization. The blocked 
cells had formed no spindles, and the 
nuclear membrane had not broken 
down, but a curious mottling of the 





peripheral cytoplasm appeared. After 
85 minutes in D:O, the experimental 
cells were washed and returned to nor- 
mal reconstituted sea water. Figure 3 
shows the controls at 3% hours after 
fertilization, and Fig. 4 shows the 
condition of the washed eggs at the 
same time. Evidently, a significant re- 
versal of the block had been effected. 

Experiments with lower concentra- 
tions of D:O show that the effect of 
D:O on division is more severe than the 
effect on fertilization. In sea water con- 
taining 75 percent D.O, division remains 
completely blocked; in 50 percent D.O, 
many eggs remain blocked and some 
cleave, but only after a delay of from 
three to four times the normal cleavage 
interval. Only below a concentration of 
10 percent does the interference with 
cell division disappear. 

Similar results were obtained with 
Chaetopterus eggs—that is, a 95-per- 
cent concentration of D:O blocks cyto- 
Kinesis and mitosis at all stages beyond 
early prophase. In this form, the num- 
ber of cells ultimately dividing after 
removal from D:O is much smaller than 
in Arbacia, but a degree of reversibility 
of the effect is evidenced by the dra- 
matic disappearance of the gross shrink- 
age and “blebbing” seen during the 
D.O treatment. 

Thus it appears that the formation of 
normal mitotic spindles and cleavage 
furrows is impossible in concentrations 
of D:O higher than about 75 percent. 
The data suggest that the primary effect 
is On processes associated with the 
mechanical structures of the dividing 
cell and on the assembly of these struc- 
tures. This would imply much less inter- 
ference with the metabolic events pre- 
ceding, and necessary to, mitosis. The 
implication is supported by the observa- 
tion of multipolar cleavages in the cells 
removed from D:O after a long immer- 
sion. One might suppose the site of the 
isotope effect to be a large, extensively 
hydrogen-bonded structure, possibly the 
forming or complete mitotic apparatus 
itself (9). 

PauL R. Gross 
WILLIAM SPINDEL 
Department of Biology, New York 
University, New York; Department of 
Chemistry, Rutgers State University, 
Newark, New Jersey; Marine Biological 
Laboratory, Woods Hole, Massachusetts 


References and Notes 


1. J. J. Katz, H. L. Crespi, R. J. Hasterlik, 
J. F. Thomson, A. J. Finkel, J. Natl. Cancer 
Inst. 18, 641 (1957). 

. V. Moses, O. Holm-Hansen, M. Calvin, 
Biochim, et Biophys. Acta 28, 62 (1958). 

K. M. Wiberg, Chem. Rev. 55, 713 (1955). 

M. M. Swann, Cancer Research 17, 727 

(1957). 

. B. Lucké and E. N. Harvey, J. Cellular 

Comp. Physioi. 5, 473 (1935). 

H. D. Hoberman, C. B. Metz, J. Graff, 

J. Gen. Physiol. 35, 639 (1952). 


A way v 


SCIENCE, VOL. 131 





21 . 


Ti 


on 
eq 
act 
the 
tio 
an 
riv 


gr 
los 
tic 
re 
tic 
H 
al: 








tal 
or- 
oe 
ter 
the 
the 


Ta- 


the 
on- 
ins 


me 
Om 
age 


ith 


‘ith 
er- 


ynd 
m- 
‘ter 
an 
lity 
ra- 
nk- 
the 


of 
age 
ons 
nt. 
ect 
the 
ing 
uc- 
fer- 
re- 
The 
Vva- 
ells 
er- 
the 
ely 
the 
tus 


OSS 


of 


ical 
etts 


rlik, 
ncer 


vin, 


55). 
727 


ular 


raff, 








7. H. Ussing, 
(1935). 

8. The concentrations reported are in volumes 
per hundred. 

9. This study was supported by grants from the 

National Institute of Arthritis and Metabolic 

Diseases (A-2302), the U.S. Department of 

Health, Education, and Welfare, the U.S. 

Atomic Energy Commission through contract 

No. AT(30-1)2250, and the Marine Biological 

Laboratory. 


August 1959 





Skand. Arch. Physiol. 72, 192 


2 


— 


Nonlogarithmic Linear 
Titration Curves 


Abstract. Titration curves can be based 
on linear nonlogarithmic forms of the 
equilibrium equation of a dissociation re- 
action. From such curves, in contrast to 
those based on logarithmic transforma- 
tions, both the end point of the titration 
and the dissociation constant can be de- 
rived. 


In recent articles in Science (J), 
graphic methods, based on a linear 
logarithmic transformation of the equa- 
tion (X)*(Y)/(XY) = K, have been 
recommended for the purpose of esti- 
mating the kinetic constants of dissocia- 
tion reactions of the type X + Y= XY. 
However, the equilibrium equation can 
also be written in several nonlogarithmic 
forms, one of which is: 


(P) = (X) + (XY) = (XY) + 
K+ (XY)/(Y) (1) 


Thus, when X is titrated with Y, a plot 
of (XY) versus (XY)/(Y) gives a 
straight line. The intercept with one 
of the coordinates equals P (the end 
point of the titration), while K is given 
by the slope. Linear logarithmic plots 
do not give the end point of the titra- 
tion, which must be known for the 
construction of the curves. This is a 
disadvantage in cases where the con- 
centration of the compound to be 
titrated is unknown. 

Equation 1 is applicable to any dis- 
sociation reaction where the (relative) 
concentrations of XY and that of one 
of the dissociation products can be 
measured. For instance, it applies to 
the “titration” of an enzyme with its 
substrate, where the “end point” is most 
often unknown. 

For this purpose, three nonlogarithmic 
linear equations were first suggested 
by Woolf (see 2). The equation anal- 
ogous to Eq. 1 and, for various rea- 
sons (3) to be preferred to the other 
two, can be written as: 


(E:) = (E) + (ES) = 
(ES) + Kx * (ES)/(S) 


or: 
Va= v + Kus v/(S) 


where v (the initial reaction rate) equals 
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k+(ES) and Vm (the maximal rate for 
(S) — o or the “end point of the 
titration”) equals k+ (E+). Since, owing 
to low enzyme concentration, the con- 
centration of free substrate is practically 
equal to the total substrate concentra- 
tion (S), a plot of v versus v/(S) is 
linear. Extrapolation to (S) — © gives 
Vm, while Ku (the Michaelis constant) 
is given by the slope. 

A further example is the titration of 
the salt of a weak acid (AH) with a 
strong acid. From 


(4-) - (H*)/(AH) = Ka 
it follows that 


P = (A-) + (AH) = (AH) + 
K+ (AH)/(H*) 


P is found by extrapolation of a plot of 
(AH) versus (AH)/(H*) to (H*) > ©. 
Ku is derived from the slope of the plot. 

When the sodium salt of AH is titrated 
withHCl, one has on the basis of elec- 
troneutrality (4): 


(A-) + (Cl) + (OH-) = (Na*) + (H*) 
Furthermore 
(4-) + (AH) = (Na*) 
Thus 
(AH) = (CI) — (H*) + (OH) 


where (Cl) can be expressed in equiva- 
lents of added acid. 

In Fig. 1 such titration curves are 
given for 10 ml of 10°M solutions of 
Na:HPQ, and of the sodium salt of 
diethylbarbituric acid (Veronal) titrated 
with 1N HCl by means of a micrometer 
and syringe with capillary tip. The pH 
measurements were carried out with a 
Radiometer pH-meter standardized with 
a buffer based on U.S. National Bureau 
of Standards certified buffers. 

Since the smallest increment of HCl 
added constituted a concentration of 
(Cl-) of 10°M in the reaction mixture, 
(H*) and (OH) could be neglected 
over the entire range of pH values 
(~ 6 to 9) used, and the equivalents 
(T) of added HCl were simply plotted 
versus T/(H*). The slopes of the curves 
correspond to pKu values of 7.02 and 
7.90 (30°C, 0.01M ionic strength) for 
phosphate and diethylbarbituric acid, 
respectively. 

When a solution of the acid AH is 
titrated with a strong base, for example 
NaOH, one finds that: 


(AH) = (P) — (Na*) — (H*) + (OH) 


that is, for a plot of (AH) versus 
(AH)/(H"*), the end point must be 
known. However, since Eq. 1 can be 
written as: 


P = (A>) + (4°) + (H"*)/Ka 


a plot of (A~) versus (4°) + (H*), where 
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Fig. 1. Nonlogarithmic linear titration 


curves of phosphate and diethylbarbiturate 
(Veronal). T represents equivalents of HCI 
added to a solution of the sodium salt. 
{[H*] is the hydrogen ion concentration. 
Points on the curves referring to a par- 
ticular hydrogen ion concentration lie on 
a line through the origin. The ordinate 
represents [H*] = oo and the abscissa 
{H*] = 0. The intercept of the curves with 
the ordinate gives the end point of the 
titration, while the (negative) slope is equal 
to the hydrogen ion dissociation constant. 


(A-) = (Na*) + (H*) — (OH), gives 
P as well as Ku, also in this case. The 
equations can readily be adapted to the 
case of a weak base. 

This method of plotting titration data 
has the further advantage over linear 
logarithmic plots of being more sensitive 
to experimental errors and small devia- 
tions from theory. This is emphasized 
by the fact that for Ku values that 
differ by more than one pK unit, the 
scale of the plot must be adapted to 
each constant separately. On the other 
hand, a more detailed analysis of a 
composite titration curve, involving two 
or more Ku values that are less than 
one unit apart, can be made on the 
same scale by using the procedure de- 
scribed here (5). 

B. H. J. HOFSTEE 
Palo Alto Medical Research Foundation, 
Division of Basic Biochemistry, 
Palo Alto, California 
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On the Function of 
Corticothalamic Neurons 


Abstract: The effect of the synchronous 
discharge of a large population of cortico- 
thalamic neurons on activity within the 
somatosensory relay nuclei has been 
studied. Thalamic responses to peripheral 
nerve stimulation are depressed by activity 
in corticothalamic neurons. A_ subcon- 
vulsive dose of strychnine, given intra- 
venously, changes this depression to en- 
hancement. 


The existence of corticothalamic neu- 
rons projecting from the cortical re- 
ceiving areas to the specific thalamic 
relay nuclei has been recognized for 
many years, yet little is known of their 
physiological significance. In order to 
study the function of these cells it is 
necessary to activate them in large num- 
bers and synchronously, yet selectively, 
without firing the nearby thalamocortical 
neurons antidromically. This may be 
achieved through the application of 
penicillin to the cortex as a means of 
initiating a repetitive high-voltage cor- 
tical discharge, the “penicillin spike.” 
It is the purpose of this communication 
to describe marked alterations in the 
amplitude of thalamic-evoked responses 
elicited after a penicillin spike. Forty- 
seven cats deeply anesthetized with 
Nembutal were used in this study. 

After stimulation of the somatosen- 
sory pathway it is possible to record an 
evoked response from the ventrobasal 
thalamus: a brief, initially positive, di- 
phasic spike followed by a small negative 
and a large, slow positive wave. If this 
thalamic response is initiated during or 
after a cortical penicillin spike, the neg- 
ative and late positive waves are greatly 
reduced or abolished, provided the peni- 
cillin spike was generated in the specific 
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Fig. 1. Effect of the penicillin spike on 
the ventrobasal thalamic response to 
stimulation of the medial lemniscus be- 
fore (circles) and after (crosses) intra- 
venous administration of 0.1 mg of strych- 
nine per kilogram. (Vertical axis) Average 
amplitude of the late positive wave from 
50 thalamic responses represented as a 
percentage of the control value. (Horizon- 
tal axis) The penicillin spike (dotted line) 
diagrammatically displayed against time. 
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cortical receiving area of the nucleus 
from which the recording was made. 
Thus, the application of penicillin to 
somatosensory cortex I generates peni- 
cillin spikes which markedly depress the 
ventrobasal thalamic responses to stim- 
ulation of the sciatic or radial nerve or 
the medial lemniscus. On the other hand, 
penicillin spikes generated in the audi- 
tory or visual cortex have no effect on 
the responses evoked in the ventrobasal 
thalamic nuclei. 

An important clue to the mechanism 
by which a cortical discharge may de- 
press thalamic activity is seen in the 
effect on such activity of a subconvulsive 
dose of intravenous strychnine. Three 
to four minutes after intravenous admin- 
istration of 0.1 mg of strychnine per 
kilogram, the penicillin spike, rather 
than depressing the thalamic-evoked 
response, actually enhances the late posi- 
tive wave. This is illustrated in Fig. 1. 
The amplitude of the late positive wave 
of the ventrobasal thalamic response to 
medial lemniscal stimulation is repre- 
sented on the vertical axis as a percent- 
age of the control value. Each point 
represents the average of 50 responses. 
On the horizontal axis the cortical peni- 
cillin spike in shown diagrammatically 
(dotted line). It may be seen that be- 
fore the administration of strychnine 
the thalamic test response is greatly de- 
pressed when it is elicited after the peak 
of the cortical penicillin spike (circles). 
Five minutes after the intravenous ad- 
ministration of 0.1 mg of strychnine 
per kilogram, the depression is abolished 
and the thalamic response is greater than 
for the control (crosses). Neither the 
penicillin spike itself nor the thalamic- 
evoked response alone is affected by the 
strychnine. 

The possibility that the thalamic de- 
pression is caused by activation of the 
brainstem reticular formation (see /) 
is considered unlikely because of the 
depth of the anesthesia used. A second 
possibility, that the thalamic depression 
is due to antidromic backfiring of 
thalamocortical neurons, is also con- 
sidered extremely unlikely because of 
the action of the strychnine in reversing 
the depression. Strychnine, in the 
amount used here, has been shown to 
be very effective in blocking inhibitory 
synapses in the spinal cord of the cat 
(2). Since synapses would not be in- 
volved in thalamic depression caused by 
antidromic activation of thalamocortical 
neurons, ‘it is inferred that the depres- 
sion is in fact mediated trans-synaptical- 
ly through corticothalamic neurons. A 
reasonable hypothesis to explain the 
above observations is that the penicillin 
spike activates corticothalamic neurons 
with both excitatory and _ inhibitory 
thalamic synapses, the latter being pre- 
dominant. The strychnine, in selectively 
blocking the inhibitory synapses, abol- 
ishes the depression of thalamic activity 


which they cause and permits expression 
of the previously masked, less potent 
excitatory activity. It is suggested that 
the corticothalamic projection system 
may provide a form of inhibitory sen- 
sory feedback which could function to 
reduce the subliminal fringe about a 
zone of maximal excitation in the thal- 
amus. This might serve to distinguish 
the boundaries between one such zone 
and another and provide a form of sen- 
sory “focusing” (3). 

THOMAS E, OGDEN 
Department of Applied 
Electrophysiology, National Hospital, 
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Occurrence of Scandium-46 and 
Cesium-134 in Radioactive Fallout 


Abstract. Two hitherto unreported in- 
duced radionuclides, scandium-46 and 
cesium-134, have been detected in fallout 
material, Identification was made by chem- 
ical separation and gamma scintillation 
spectrometry. While the origin of these 
materials is not known, possible routes of 
formation from stable elements are sug- 
gested. 


Soil samples (/) collected a few 
yards from ground zero by vacuum 
sweeping after an atomic detonation 
(balloon shot) in Nevada were sent to 
the Robert A. Taft Sanitary Engineering 
Center for radiochemical analyses. 

An analysis of the gamma spectrum 
of an aliquot of the soil was made ap- 
proximately 60 days after collection. 
After digestion and leaching of activity 
presumably fused on the soil, an ali- 
quot of the leach solution was simul- 
taneously analyzed. The gamma spec- 
tra are shown in Fig. 1; they indicate 
the presence of gamma emitters whose 
energies are near 0.6, 0.8 to 0.9, and 
1.1 Mev, respectively. According to 
data calculated by Hunter and Ballou 
(2), the predominant fission-product 
contributors to the total activity 60 
days after detonation should be Zr”- 
Nb”, Ce™, Y”, and Sr ®. Since none of 
these nuclides has gamma energies cor- 
responding to the photopeaks observed, 
analyses of the important fission prod- 
ucts for specific radionuclides were per- 
formed. 

After separation (3) of the major 
fission products—strontium, cesium, 
zirconium-niobium, and rare earths— 
we were unable to assign the 0.9 and 
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Fig. 1 (top). Gamma spectra for fallout 
mixed with water and acid leach. Fig. 2 
(middle). Gamma spectra for activity in 
standard Sc“ source, in acid soil leach, 
and in chemically isolated Sc** from soil 
collected 30 yd from ground zero. Fig. 3 
(bottom). Comparison of gamma spectra 
of standard Cs™ source and of final 
CsC10, precipitate. 


the 1.1 Mev gamma energies, or to 
account for all the activity present. 
Manganese-54, iron-59, and zinc-65, 
previously reported in fallout, were 
eliminated as possibilities after radio- 
chemical analyses to obtain each of 
these gamma emitters in a purified 
form. Eventually, the possibility that 
both peaks might be attributable to 
Sc“ was suggested (4). 

Attempts to separate scandium by 
reported methods (3,5) failed, possibly 
because yttrium was used as a carrier in 
the absence of stable scandium. It was 
found, however, that most of the gam- 
ma activity at 0.9 and 1.1 Mev was 
carried on Ca(NO:)2 precipitated by 
fuming nitric acid. Known Sc“ tracer 
was also carried by this treatment. This 
purification step permitted identifica- 
tion of the unknown emitter as Sc” by 
its gamma spectrum. The spectra, 
shown in Fig. 2, show the agreement 
with the known Sc“ photopeaks at 0.88 
and 1.11 Mev. (6). The Sc“ content, 
estimated from the area under the 
photopeaks, accounted for approxi- 
mately 40 percent of the total activity 
leached, or for most of the previously 
unidentified activity. 

The cesium fraction, which had been 
carefully purified (7), showed prom- 
inent gamma peaks at 0.6 and 0.8 Mev, 
with only a slight indication of the ex- 
pected peak at 0.66 Mev. In Fig. 3 the 
spectrum of a standard Cs™ source is 
compared with that of the CsC10. pre- 
cipitate, and the difference in the 
photopeaks is apparent. The 0.6 and 
0.8 Mev peaks correspond to those of 
Cs™ (6). 

Without knowledge of the past his- 
tory of this soil, it is difficult to ex- 
plain the presence of Sc“ and Cs™. 
Since no soil from this area had been 
chemically analyzed prior to this par- 
ticular test, information on its composi- 
tion is not available, specifically with 
respect to the presence of stable scan- 
dium or cesium. If it is assumed that 
these activities were induced during a 
nuclear explosion, possible reactions for 
production of Cs™ would be: 


Cs™ 
Ba™ 
Ba™ 


(a, y¥) Co™ 
(n, p) Cs™ 
(a, t) Co™ 


Similarly, Sc“ 
the reactions: 


might be produced by 


Ti*® (n, p) Sc* 
Sc* (n, y) Sc* 
Ti® (n, 2 Sc* 


H. L. KRIEGER 
Division of Radiological Health, 
Robert A. Taft Sanitary Engineering 
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Degree of Obesity and 
Serum Cholesterol Level 


Abstract. No significant correlation was 
found between the serum cholesterol level 
and weight, weight corrected for frame 
size, or thickness of the fat shadow in 
medical students (mean age, 22 years). 


Among the variables thought to af- 
fect serum cholesterol levels in normal 
subjects, the degree of obesity has been 
of particular interest. because the 
amount of stored fat is accessible to 
dietary control. The literature, however, 
is divided on the relationship of body 
fat to cholesterol level. Moreover, re- 
ports have been variously based on 
anthroposcopic “endomorphy” ratings 
(J, 2), weight or relative weights (3), 
indices of body build (4), or infrascap- 
ular fat folds (J, 5) and not, to our 
knowledge, on direct radiographic 
measurements of the outer-fat shadow. 

In the study reported here we com- 
pared the thickness of the fat-plus-skin 
shadow, measured at the level of the 
tenth rib on standard posteroanterior 
teleoroentgenograms (6), with serum 
cholesterol levels, determined, by a 
modification of the Bloor method (7), 
in blood samples obtained at the time 


Table 1. Correlations between various meas- 
ures of obesity and total serum cholesterol 
in healthy young men. 








Mean 
body Serum i 
N we cholesterol Correlation (r) 
- LJ 
(kg) (mg/100 ml) 
Body weight 
159 74.8 225.2+36.3 0.033 
Body weight/chest breadth 
134 73.4 226.0+37.8 0.126 
Lower thoracic fat 
125° 932 222.5+34.2 —0.030 





* Mean + standard deviation. 
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the roentgenograms were made. Less 
direct measures of relative obesity in- 
cluded weight, and weight expressed in 
relation to the bony-chest diameter, as 
measured on the films. Replicability 
was 0.95 for the fat measurements (8) 
and 0.92 for serum cholesterol (7). 

Subjects included the 159 white male 
medical students in the classes of 1958, 
1959, and 1960 of the Johns Hopkins 
School of Medicine, for whom body 
weight, cholesterol level, and postero- 
anterior chest plates were obtained at 
the time of admission. The mean height 
for the group was 178.9 cm, the mean 
weight was 74.8 kg, and the mean age 
was 22 years. The cholesterol range 
was 140 to 386 mg/100 ml with a mean 
of 225 mg/100 ml, and the lower- 
thoracic fat range for the subjects in 
whom the fat-plus-skin shadow could 
be accurately measured was 2 to 15 
mm, with a mean of 7.4 mm. 

As shown in Table 1, the correlation 
between serum cholesterol level and 
weight in the series of 159 men was not 
significantly different from zero at the 
5-percent level of confidence (r = 0.13). 
In a restricted subsample, from which 
subjects whose radiographs were not 
suitable for the chest-breadth measure- 
ment had been excluded, the correla- 
tion. between serum cholesterol and 
weight corrected for build was similarly 
low (r= 0.13). Finally, the correlation 
between serum cholesterol and lower- 
thoracic fat, measured on 125 radio- 
graphs technically suitable for the pur- 
pose, was —0.03. It is noteworthy that 
the mean cholesterol levels and their 
standard deviations in the total sample 
and in the partial samples were very 
nearly the same. The ranges for the 
three groups were identical. 

There are many factors in addition 
to nutritional status which have been 
shown to be related to the height of 
the serum-cholesterol level of healthy 
persons—in particular, age, sex, race, 
heredity, endocrine patterns, habits of 
smoking and exercise, and degree of 
emotional stress. We have reported 
positive correlations between several 
of these factors and high cholesterol 
levels among the Johns Hopkins medi- 
cal students (9). The lack of relation- 
ship between the amount of body fat 
and the serum cholesterol level demon- 
strated in the present study supports 
the view that the nutritional status of 
healthy young men such as medical 
students is considerably less important 
in determining the cholesterol level 
than other biologic factors (/0). 

CAROLINE BEDELL THOMAS 
Department of Medicine, 
Johns Hopkins University School of 
Medicine, Baltimore, Maryland 
STANLEY M. GaRN 
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Yellow Springs, Ohio 
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Neural and Hypophyseal Colloid 
Deposition in the Collared Lemming 


Abstract. Feral and captive lemmings 
from Churchill, Manitoba, are subject to 
a unique pathological process in which a 
colloidal material is deposited in blood- 
vessel walls at scattered points through the 
central nervous system. Destruction of 
nervous tissue at these foci is progressive, 
and colloidal masses in the vascular lu- 
mina of the hypothalamus appear to 
become fixed in the capillaries of the 
hypophyseal anterior lobe. Inflammatory 
reactions are never associated with the 


lesions, and the latter are larger and more § 


numerous in older animals in warmer en- 
vironments. 


A current study of the microanatomi- 
cal and physiological characteristics of 
the collared lemming (Dicrostonyx 
groenlandicus Traill) has revealed a 
unique and previously unknown pa- 
thology which is probably a significant 
factor in the behavior and population 
fluctuations of these ecologically signif- 
icant arctic rodents. 

Lemmings used in this study consist 
both of animals fixed in 10-percent neu- 
tral buffered Formalin immediately 
after capture at Churchill, August 1953 
and July 1954, and captives and their 
progeny perfused and fixed in Bouin’s 
fluid. Observations on the behavior, 
reproduction, growth, diseases, and 
reproductive and endocrine organs of 
these animals have been presented (/). 
Captive lemmings were raised and 
maintained usually in an artificially and 
constantly lighted room at 24°C (21° 
to 27°. Groups of animals were period- 
ically transferred to darkness and a 
temperature of 23°C for 4 months, or 
to a thermostatically controlled deep- 
freeze cabinet with a transparent lid 
and forced circulation of air. After 10 
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to 14 days of decreasing temperature 
the lemmings were kept at —9° to —6° 
C, either in light for several days or in 
darkness for up to 434 months in ap- 
parent good health. Three animals were 
subjected to temperatures of 32° to 
33°C for 1 to 2 days. At autopsy, 
weight, blood counts, and smears were 
made. 

Serial paraffin sections of the brains 
of 16 of the best-preserved captives, 
which appeared to be healthy exter- 
nally, were stained by a variety of 
methods (2) and demonstrate a patho- 
logical process without any signs of 
disease organisms or inflammatory re- 
sponses (3). The characteristic and 
progressive lesions may be somewhat 
arbitrarily divided into five types: (i) 









segments of capillaries and venules with 
thickened endothelia containing gran- 
ules staining with azure, periodic-acid 
Schiff, and Casella techniques; (ii) 
segments of capillaries and venules with 
similarly staining fibrous or granular 
deposits radiating into the surrounding 
neuropil as well as forming aldehyde 
fuchsin- and periodic-acid Schiff-posi- 
tive spheroidal and amorphous intra- 
vascular colloid masses (Fig. 1,4); (iii) 
small (5 to 20.) colloid bodies stain- 
ing with aldehyde fuchsin and Bauer 
techniques and scattered in the neuro- 
pil, especially in the white matter of 
cerebellum and tegmentum, and prob- 
ably resulting from lesions of types i 
and ii; (iv) spheroidal and amorphous 
colloid bodies detached in the ventricles 
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Fig. 1. (A) Type ii lesion spreading from the endothelia of a cerebral vessel (Casella 
technique and hematoxylin stain). (B) Detached and invasive colloid bodies in men- 
ingeal vessels (Oil red O and hematoxylin stain). (C) Hypophyseal colloid body in a 
feral lemming (periodic-acid Schiff and hematoxylin stain). 





of the brain and in-veins, and originat- 
ing at least in part from type ii lesions 
(Fig. 1,B); and (v) focal lesions of the 
type ii category but expanded to 120 to 
160, in diameter and containing cen- 
trally a metachromatic (Giemsa stain), 
aldehyde fuchsin-positive, insoluble 
lipid-containing material. Lesions of 
types i to iv are most numerous in lem- 
mings in higher environmental tempera- 
tures, with the exception of certain of 
the oldest uf the cold-treated females, 
which have many of these lesions also. 
Type v lesions are usually found only 
in animals over 6 months old. Brain 
lesions similar to some of these but 
generally less severe have been observed 
in lemmings fixed at capture. 

The anterior lobes of the hypophyses 
of all of the captives contain intravascu- 
lar colloid bodies staining with alde- 
hyde fuchsin and resembling those of 
the type iv brain lesions. When these 
are counted along with the parenchy- 
mal cells of the pars distalis in sections 
7» in thickness, they are found to form 
0.7 to 4.5 percent of the elements at 
environmental temperatures of —9° to 
6°C, 2.0 to 6.0 percent at 21° to 27°C, 
and 3.7 to 7.8 percent at 32° to 33°C. 
All but three of the 25 animals fixed at 
capture at Churchill show similar hypo- 
physeal colloid bodies (Fig. 1,C), but 
usually less abundantly than the cap- 
tive series at 21° to 27°C. It appears 
likely that the hypophyseal colloidal 
emboli descend via the hypothalamo- 
hypophyseal portal system, since they 
are not found in the hypophyseal pos- 
terior lobe, and formative stages are not 
seen in hypophyseal endothelia. 

The natural occurence of this pa- 
thology in lemmings at Churchill, one of 
the most southern points in the geo- 
graphic range of this species, and the 
augmentation of the lesions in moderate- 
ly warm environments is interesting in 
terms of evidence for a metabolic limi- 
tation in these animals which may re- 
strict their dispersal and influence their 
vigor and reproductive potential. It ap- 
pears that adaptations for life in an 
arctic climate in these animals are asso- 
ciated with a peculiar vulnerability in 
warm environments (4). 

W. B. Quay 
Department of Zoology, 
University of California, Berkeley 
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Chemical Thermodynamics Discussed 
at Symposium Held near Innsbruck, 
Austria 


A symposium on chemical thermo- 
dynamics was held 20-25 August at 
Fritzens-Wattens, near Innsbruck, Aus- 
tria, under the joint sponsorship of the 
Deutsche Bunsen Gesellschaft fiir Phys- 
ikalische Chemie and the International 
Union for Pure and Applied Chemistry, 
the latter through its Commission on 
Chemical Thermodynamics, its Subcom- 
mission on Experimental Thermochem- 
istry, and its Subcommission on Experi- 
mental Thermodynamics. The sympo- 
sium was under the general direction of 
K. Schafer (president of the Deutsche 
Bunsen Gesellschaft fiir Physikalische 
Chemie and secretary of the Commis- 
sion on Chemical Thermodynamics), 
and the local arrangements were han- 
dled by E. Cremer of the University of 
Innsbruck. Fifty papers were read, and 
there were 135 participants representing 
17 countries; 30 were from North Amer- 
ica. 


Thermochemistry 


In the first part of the symposium, on 
“Experimen:al Thermochemistry,” 23 
papers were presented. Eight of these 
were studies in bomb-combustion cal- 
orimetry. The most novel paper of this 
group, presented by W. N. Hubbard 
(Argonne National Laboratory) gave a 
preliminary account of the successful 
development of a bomb calorimeter for 
combustions in an atmosphere of fluo- 
rine gas. The bomb is made of nickel, 
which is rendered impervious to attack 
during the combustion process by a 
careful prefiluorination treatment so 
that the inner surfaces become coated 
with a stable nickel fluoride film. Com- 
bustion experiments of an exploratory 
character have been made on 25 metals 
and 15 inorganic compounds, and three- 
quarters of these appeared to be im- 
mediately suitable for accurate calori- 
metric study. 

Two papers described recent studies 
in which the rotating-bomb calorimeter 
is used. The bomb is charged before 
combustion with a suitable solvent and 
rotated after combustion to produce a 
uniform solution of the combustion 
products in a definite thermodynamic 
state. The method has been developed 
over the last few years and has made it 
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possible to obtain highly accurate com- 
bustion data for a variety of organic 
sulfur-containing compounds. D. W. 
Scott (Bureau of Mines, Bartlesville, 
Okla.) described the further application 
of the technique to organic fluorides 
and to some organometallic compounds. 
The results obtained on 15 organic 
fluorides were presented, and values 
were reported for the heats of forma- 
tion of lead tetramethyl, lead tetra- 
ethyl, and dimanganese decacarbonyl. 
The application of the method to or- 
ganic bromides was described by L. 
Bjellerup (Lund, Sweden), and the de- 
rived heats of formation were critically 
compared with those independently 
available from heats of bromination. 
The values for heats of formation from 
combustion compare satisfactorily with 
those from reaction heats measured by 
Lacher and his associates at the Uni- 
versity of Colorado. 

The advantages of Polythene am- 
poules over glass ampoules as contain- 
ers for liquids in combustion calorim- 
eters were discussed by H. Mackle 
(Belfast). In the discussion it developed 
that several investigators have experi- 
mented with plastic ampoules with con- 
siderable success, and that Polythene 
and polyesters are suitable materials. 
Three papers reported new combustion 
studies by conventional “static-bomb” 
procedures: J. D. Cox (National Chem- 
ical Laboratory, Teddington) presented 
results on phenol and three cresols; 
M. Colomina (Madrid) gave the results 
of an investigation of five alkylphenyl- 
ketones and of the three toluic acids; 
and J. Tjebbes (Lund) reported on the 
heats of combustion of butanal and five 
related compounds. In these studies, the 
limits of error were of the order of 0.01 
to 0.02 percent; this is fairly representa- 
tive of the degree of precision attain- 
able by modern combustion calorimet- 
ric techniques in favorable cases. C. T. 
Mortimer (University College of North 
Staffordshire, Keele) reported heat of 
combustion data on triphenylphosphine, 
triphenylphosphine oxide, and triethyl 
phosphate. These compounds can hard- 
ly be described as “favorable cases” for 
combustion study, in view of the dif- 
ficulty of analyzing the products of 
combustion, so the limit of error of only 
0.1 percent reported by Mortimer is 
encouragingly small and suggests that 
further thermochemical studies on or- 


ganophosphorus compounds of bio- 
chemical importance should be reward- 
ing. 

Reaction calorimetry (heats of reac- 
tions other than combustion) was rep- 
resented by three papers. E. J. Prosen 
(Washington, D.C.) gave an account of 
the extensive studies at the National 
Bureau of Standards on the thermo- 
chemistry of boron hydrides, in which 
measurements have been made of the 
heats of thermal decomposition of the 
boron hydrides into elements, of their 
heats of hydrolysis, and of their heats of 
chlorination. The heat of formation of 
BCi; from elements has also been 
measured. Reliable values are now 
available for the heats of formation of 
the boron hydrides and of boric acid. 
Values were derived for the bond- 
energy terms of various boron bonds, 
including the tricentric “bridge bonds” 
involving boron atoms. The empirical 
scheme proposed by Prosen was applied 
to interpret structural features of the 
more complex hydrides of boron. H. A. 
Skinner (University of Manchester) 
also described some thermochemical 
studies on reactions of diborane—in 
this case the addition reactions of di- 
borane with olefines to form boron trial- 
kyls. These reactions occur rapidly in 
Diglyme solvent at room temperature 
and provide a promising route tu aeter- 
mination of the heats of formation of 
the boron trialkyls. N. N. Greenwood 
(University of Nottingham) described 
the application of solution calorimetry 
to the measurement of heats of forma- 
tion of 1:1 and 1:2 donor-acceptor 
complexes of GaCls, GaBrs, BCls, and 
BBrs with various oxygen and nitrogen 
donors. For a given ligand, the heats of 
formation of the tribromide complexes 
are consistently greater than for the 
corresponding trichlorides, and _ the 
heats of formation of BCls with nitro- 
gen doncrs are larger than those of 
GaCl: with the same ligands. 

Two papers dealt with the thermo- 
chemistry of alloys. O. Kubaschewski 
(National Physics Laboratory, Tedding- 
ton) reviewed calorimeters suitable for 
measuring the formation heats of alloys, 
with particular reference to calorimeters 
developed at the National Physics Lab- 
oratory for direct measurments on solid 
alloys formed by heating powdered 
metal mixtures at high temperatures. 
A. Schneider (G6ttingen) reported di- 
rectly measured heats of formation of 
InSb, MgZnx, MgZn, and Mg:Znu, and 
indirectly determined free energies of 
formation of Fe:Zr, Al:Zr, AlsZre, and 
AlsZru, 

There were three contributions con- 
cerned with the heats of mixing of liq- 
uids. In one of these, M. L. McGlashan 
(Reading University) emphasized that 
measurements of heats of mixing should 
be carried out under conditions in which 
the vapor phase is entirely eliminated; 
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he described an ingenious calorimeter 
for this purpose. Heats of mixing of 
pairs of compounds from the series 
SiCHs)i-nClh and from the _ series 
C(CHs)s-nCln were reported, and dis- 
cussed in terms of the “quasi-chemical 
approximation.” Mixing heats in the 
binary and ternary systems formed from 
acetic acid, pyridine, and a normal par- 
affin hydrocarbon (hexane, heptane, 
and so on) were reported by W. Woy- 
cicki (Warsaw). W. Wagner (Dresden) 
described a series of measurements of 
activity coefficients, heats of mixing, 
and volumes of mixing of the chloro- 
toluenes in benzene solvent. 

Studies of chemical equilibria were 
the subject of two papers. In one of 
these, S. Sunner (Lund) described the 
use of the gas-phase chromatographic 
technique to analyze the disproportion 
reaction MeSSMe+ EtSSEts2MeSSEt, 
at 25° and 60°C. A. Pacault (Bor- 
deaux) spoke of a series of equilibrium 
studies on double decomposition reac- 
tions in the solid state between BaSO. 
and NasCOs and K:COs. 

The thermochemistry of Tl:COs, Tl: 
CS:, and BaCSs, determined from dis- 
sociation pressures measured over a 
temperature range, was described by 
G. Gattow (G6ttingen), and the forma- 
tion and thermodynamic stability of 
mixed halides (for example, CuClBr) 
were discussed by R. Perret (Dijon). 

I. Wads6é (Lund) described a novel 
adiabatic calorimeter for the direct 
measurement of heats of vaporization 
at 25°C, suitable for liquids having a 
vapor pressure of from 5 to 100 mm- 
Hg at room temperature. The accuracy 
achieved was of the order of 0.5 per- 
cent. 

The accepted value for the heat of 
dissociation of Nz was questioned by G. 
Glockler (Durham, N.C.) and L. H. 
Long (Exeter University) raised the in- 
teresting problem of the relation be- 
tween bond dissociation energies and 
valence-state excitation energies by spe- 
cific reference to experimental data 
available on metal-carbon bonds. 

This first part of the symposium was 
summed up by F. D. Rossini (Pitts- 
burgh) and by J. Coops (Amsterdam). 
Rossini, reflecting on 30 years of ther- 
mochemistry, recalled the stages of de- 
velopment in this field: first, design of 
calorimeters of sufficient accuracy; sec- 
ond, preparation of compounds of suf- 
ficient purity; and now, extension of 
the range of investigation to substances 
more difficult to prepare, to purify, and 
to analyze, through the use of all the 
tools of modern analysis. 


Chemical Thermodynamics 


In the second part of the symposium, 
arranged by the Commission on Chem- 
ical Thermodynamics, six papers were 
presented. The first of these, given by 
Rossini, concerned the present state of 
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knowledge on the fundamental con- 
stants of physical chemistry. Five of 
these have to be determined by experi- 
ment; the others are defined by interna- 
tional agreement. In addition, there are 
auxiliary constants which derive from 
the fundamental constants. Since 1951, 
the ice point of water has become a 
defined constant, and improved values 
have become available for the constants 
h, c, e, F, and N. It is proposed that, in 
1960, a new scale of atomic weights 
based on C* = 12.0000 be adopted; this 
differs from the present chemical scale 
by 42 parts per million, and from the 
present physical scale by 317 parts per 
million. 

There were three papers on the ther- 
modynamic scale of temperature and its 
realization through the international 
scale, given by Van Dijk (Leiden), H. 
Moser (Braunschweig), and C. Ting- 
waldt (Berlin). 

In the range 0° to 90°K, new measure- 
ments have been made on the boiling 
points of helium and oxygen, with re- 
sults which differ by only 0.001° and 
0.01°, respectively, from the older val- 
ues of 1937 and 1927. The values 
4.215° and 90.18°K (relative to an 
ice point of 273.15°K) for the boiling 
points of helium and oxygen may be 
regarded as in practically complete 
agreement with the thermodynamic 
scale. For n-Hez, the most recent meas- 
urements of the boiling point by various 
investigations give the mean value 
20.379°K. For secondary fixed points 
in this region there are: argon, boiling 
point 83.81°K; nitrogen, boiling point 
77.35°K; oxygen, triple point, 54.34°~.; 
p-hydrogen, boiling point 20.27°K; 
n-hydrogen, triple point, 13.95°K; 
p-hydrogen, triple point 13.81°K; he- 
lium, A-point, 2.172°K. 

In the range between the two fixed 
points of the boiling point of oxygen 
(—182.97°C) and the boiling point of 
sulfur (440.60°C), which is spanned in 
the international scale by measurements 
based on the platinum resistance ther- 
mometer, the deviations AT (= T tner- 
modyn. —T internat.) vary from a 0.04° at 
—80° to <0.01° between O and 100° 
to + 0.13° at 400°C. In the range 
from the boiling point of sulfur to 
the melting point of gold, in which the 
international scale relies on the inter- 
polation formula for the electromotive 
force of a Pt/Pt-Rh element, the devia- 
tions AT are as high as 1.7°C. It is 
suggested on the basis of new measure- 
ments that the melting point of gold is 
1064.76°C rather than 1063°, as ac- 
cepted in the international scale. This is 
a large change, and until more evidence 
is available, it is too soon to make the 
change in the international scale. 

A change in the radiation constant 
from 1.438 to 1.4388, coupled with an 
increase of 1.76°C in the defined melt- 
ing point of gold, would eliminate the 





differences between the international 
and the thermodynamic scales above 
1500°K. 

The measurement of temperatures 
above the gold point by optical pyrom- 
etry was discussed by C. Tingwaldt, 
with particular reference to experimen- 
tal methods of obtaining ideal black- 
body radiation from a glowing solid. 
The lateral radiation from a glowing 
metal is extensively polarized ‘“non- 
black” radiation; by allowing radiation 
from one source to fall at an angle of 
45° onto a glowing metal strip, the 
combined radiation (reflected and emit- 
ted) from the strip is unpolarized, black 
radiation corresponding to the tempera- 
ture of the glowing source. 

Two papers were presented in which 
calorimeters of new design were de- 
scribed. One of these, by A. R. Meeth- 
am (National Physics Laboratory, Ted- 
dington) reported on the design and use 
of an aneroid bomb calorimeter, made 
of silver and vacuum-jacketed, for 
measuring heats of combustion. The 
heat-transfer coefficient of the calorim- 
eter is very much smaller than that of 
stirred-water calorimeters. The internal 
volume is 97 ml, and 0.2 gm of benzoic 
acid on combustion gave a temperature 
rise of 3.5°C. The standard deviation of 
individual estimates of the heat of com- 
bustion of benzoic acid was less than 1 
part in 5000. 

F. E. Wittig (Munich) described the 
constructional details and operation of 
a high-temperature calorimeter for ther- 
mal studies on metallic alloys. 


Phase Changes in Condensed Systems 


The third part of the meeting, on “The 
Thermodynamics of Phase Changes in 
Condensed System,” was sponsored by 
the subcommission on experimental 
thermodynamics. Introducing the first 
session, D. M. Newitt (Imperial Col- 
lege, London) said that the object of 
this meeting, and of its predecessor in 
London in 1957, was to encourage 
work to fill the gaps in our knowledge 
of thermodynamic properties, and es- 
pecially in our knowledge of pure sub- 
stances. 

Most of the speakers discussed the 
phase transitions of solids. There were 
two introductory reviews. The first was 
by J. E. Mayer (Chicago), who gave a 
lucid account of the thermodynamics of 
phase changes in terms of the singulari- 
ties of the Helmholtz free energy and 
pointed out how restricted are the types 
of transition that can be adequately 
treated by the present developments ia 
statistical mechanics. The second was 
by J. P. McCullough (Bureau of Mines, 
Bartlesville), who outlined an empir- 
ical division into seven types of the solid- 
solid transitions of hydrocarbons and 
of related substances. 

A. R. Ubbelohde and his colleagues 
E. Rhodes and E. R. Buckle (Imperial 
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College, London) contributed a group 
of three papers on the mechanism of 
melting and freezing. They demonstrated 
most convincingly that the classical 
thermodynamic picture of melting as 
the sharp intersection of two unrelated 
free-energy curves is inadequate for ma- 
terial composed of complex molecules 
or ions. 

The largest group of papers in this 
section were detailed studies of particu- 
lar solid systems. Silver oxide was shown 
by K. S. Pitzer (Berkeley) to have two 
anomalous regions in its heat-capacity 
curve. The first, at 20° to 40°K, is still 
without a verified explanation, but the 
second, at 370° to 470°K, is an anneal- 
ing of surface and crystal defects. J. G. 
Aston (Pennsylvania State University) 
and E. F. Westrum (Michigan) both 
presented measurements of the heat ca- 
pacities of systems containing highly 
symmetrical organic molecules—the 
molecules globulaires of Timmermans. 
Such systems are of particular interest 
since the symmetry and “smoothness” 
of the molecules allow them to melt 
with respect to their orientations with- 
out disrupting the crystal. This orien- 
tational energy and entropy is acquired 
at one or more transitions below the 
true melting point. J. E. Spice (Liver- 
pool) reported a detailed study of mix- 
tures of ethylene dichloride and dibro- 
mide. The former has long been known 
to have a broad maximum in its heat- 
capacity curve at 180°K. On dilution 
with dibromide the peak moves at first 
to lower temperatures and becomes less 
pronounced. The behavior of the system 
is, however, complicated by the partial 
immiscibility of the two solids. 

The thermodynamic studies of indane 
and indene by D. R. Stull (Dow Chemi- 
cal Co.) were most notable for the high 
degree of “automation” in the calorim- 
eter. This led to many questions from 
an audience very conscious of the time 
it takes to reach equilibrium in many 
solid systems. 

The magnetic transitions of the diva- 
lent salts of manganese, iron, cobalt, 
and nickel were reviewed by J. W. 
Stout (Chicago). These systems provid- 
ed unusually elegant examples of the 
entropy (R In n) associated with n 
available electronic states per ion. W. E. 
Wallace (Pittsburgh) has made a very 
detailed study by calorimetry and by 
electrical, magnetic, and x-ray exami- 
nation of the differences between the a 
and ¢@ phases of TasH and Ta:D. The 
results were interpreted in terms of dif- 
fering amounts of short-range and long- 
range order in the allocation of the hy- 
drogen atoms to the interstitial sites. 
G. M. Schwab (Munich) reported a 
study of the a-to-8 phase change in co- 
balt. 

The last group of papers was that 
which dealt primarily with liquid phases, 
or in which interest centered in the 
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application of thecries of mixtures to 
the results. R. Heastie (Queen Mary 
College, London) had studied the phase 
equilibria of mixtures of krypton with 
argon and with xenon. The systems 
were miscible in both solid and liquid 
phases at the melting point, and the 
form of the melting curves provided a 
test for the lattice theories of solution 
of Prigogine. Unfortunately, true equi- 
librium in the solid phases was not al- 
ways achieved. T. M. Storvick and J. M. 
Smith (Northwestern University) have 
studied the thermodynamic properties 
of mixtures of hydrocarbons and alco- 
hols in liquid and gaseous phases at 
temperatures up to the gas-liquid criti- 
cal points. The deviation of their results 
from those for purely hydrocarbon mix- 
tures was interpreted in terms of the 
degree and heat of polymerization of 
the alcohol molecules. J. S. Rowlinson 
(University of Manchester) demon- 
strated that lower critical solution points 
are not confined to polar mixtures but 
are commonly found also in binary hy- 
drocarbon mixtures if the size ratio of 
the constituent molecules is sufficiently 
large. This behavior appears to be the 
rule for high polymer solutions, almost 
all of which separate into two phases 
above the normal boiling point of the 
solvent. Finally, R. I. Munn (Vienna) 
reported a careful reexamination of the 
phase boundary curve near the lower 
critical solution point of the system 
water and triethylamine. The curve has 
an unusual, and unexplained, point of 
inflection. 

Three papers less easy to classify 
were those by K. S. Pitzer (Berkeley) 
on irreversible thermodynamics, by D. 
White (Columbus, Ohio) on o-p and iso- 
tope separations by preferential adsorp- 
tion at low temperatures, and by G. 
Watelle-Marion (Dijon) on a spectro- 
photometric study of the ionization of a 
divalent metal salt. 

Guy WADDINGTON 
National Academy of Sciences—National 
Research Council, Washington, D.C. 


Forthcoming Events 
January 


28-30. Mathematical Assoc. of Amer- 
ica, 43rd annual. Chicago, Ill. (H. M. Geh- 
man, Univ. of Buffalo, Buffalo 14, N.Y.) 

28-30. Western Soc. for Clinical Re- 
search, 13th annual, Carmel-by-the-Sea, 
Calif. (W. N. Valentine, Western Soc. for 
Clinical Research, Univ. of California 
Medical Center, Dept. of Medicine, Los 
Angeles 24.) 

29-30. American Group Psychotherapy 
Assoc., Inc., 17th annual conf., New York, 
N.Y. (American Group Psychotherapy 
Assoc., Inc., 1790 Broadway, New York 
19.) 

29-30. Host Influence on Parasite 
Physiology, New Brunswick, N.J. (L. A. 
Stauber, Rutgers Univ., New Brunswick.) 





31-5. American Inst. of Electrical Engi- 
neers, New York, N.Y. (N. S. Hibshman, 
AIEE, 33 W. 39 St., New York 18.) 

31-7. Pan American Cong. of Ophthal- 
mology, 6th, Caracas, Venezuela. (J. W. 
McKinney, 921 Exchange Bldg., Memphis, 
Tenn.) 


February 


1-4. American Soc. of Heating, Refrig- 
erating and Air Conditioning Engineers, 
semi-annual, Dallas, Tex. (Miss J. I. 
Szabo, ASHRACE, 234 Fifth Ave., New 
York 1.) 

1-4.  Instrument-Automation  Conf., 
Houston, Tex. (Director, Technical and 
Educational Services, Instrument Soc. of 
America, 313 Sixth Ave., Pittsburgh 22, 
Pa.) 

1-5. American Inst. of Electrical Engi- 
neers, winter general, New York, N.Y. 
(N. S. Hibshman, AIEE, 33 W. 39 St., 
New York 18.) 

1-5. Clinical Cong. of Abdominal Sur- 
geons, Miami Beach, Fla. (CCAS, 633 
Main St., Melrose 76, Mass.) 

2-4. Haemopoiesis—Cell Production 
and Its Regulation, Ciba Foundation 
symp. (by invitation only), London, Eng- 
land. (G. E. W. Wolstenholme, Ciba 
Foundation, 41 Portland Pl., London, 
W.1, England.) 

2-4. Society of the Plastics Industry 
(Reinforced Plastics Div.), Chicago, Ill. 
(W. C. Bird, SPI, 250 Park Ave., New 
York 17.) 

3-5. Military Electronics, IRE winter 
conv., Los Angeles, Calif. (G. B. Knoob, 
Motorola, Inc., Military Electronics Div., 
1741 Ivar Ave., Hollywood 28, Calif.) 

3-6. American College of Radiology, 
New Orleans, La. (W. C. Stronach, 20 
N. Wacker Dr., Chicago 6.) 

3-6. Parathyroid Research, symp., 
Houston, Tex. (R. V. Talmage, Dept. of 
Biology, Rice Inst., Houston.) 

4-6. American Soc. for Metals, San 
Francisco, Calif. (R. Huggins, ASM, Stan- 
ford Univ., Stanford, Calif.) 

4-6. Congress on Administration, 3rd 
annual, Chicago, Ill. (R. E. Brown, Amer- 
ican College of Hospital Administrators, 
840 N. Lake Shore Drive, Chicago 11.) 

5. Parenteral Drug Assoc., New York, 
N.Y. (H. E. Boyden, PDA, 4865 Stenton 
Ave., Philadelphia 44, Pa.) 

7-9. Congress on Medical Education 
and Licensure, Chicago, Ill. (CMEH, 
AMA, 535 N. Dearborn St., Chicago 10.) 

7-10. Radioactive Isotopes in Clinical 
Medicine and Research, 4th intern. symp., 
Bad Gastein, Austria. (R. H6fer, 2nd 
Medical Univ. Clinic, 13 Garnisongasse, 
Vienna 1X, Austria.) 

10-11. Gas Cooled Reactor, symp., 
Philadelphia, Pa. (F. L. Jackson, Franklin 
Inst., Philadelphia, Pa.) 

10-12. American Acad. of Occupational 
Medicine, Williamsburg, Va. (L. B. Shone, 
Bureau of Medicine and Surgery, Navy 
Dept., Washington 25.) 

10-12. Solid States Circuit Conf., Phil- 
adelphia, Pa. (T. R. Finch, Bell Telephone 
Laboratories, Murray Hill, N.J.) 

10-13. National Assoc. for Research in 
Science Teaching, 33rd annual, Chicago, 
Ill. (C. M. Pruitt, Univ. of Tampa, Tam- 
pa, Fla.) 


(See issue of 18 December for comprehensive list) 
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GYROTORY° 
WATER BATH 
SHAKER 


A variable speed, rotary 
shaking apparatus inte- 
grated with a constant 
temperature bath . . . 
precision built for con- 
tinuous duty. 


MODEL G76 


® Variable speed: 85-285 rpm & 140-400 rpm. 

@ Heats or to Ary -set temperatures from ambient 
to 100° C. 0.5° C. 

®@ Triple eccentric stabilizing system imparts uniform 

agitation to all flasks on shaking platform. 

Cool, 


Compact. Large capacity for flasks, tubes and 
beakers. Used with gaseous atmospheres. 


quiet, vibrationless performance. 


@ Other models available with reciprocating motion. 
UNCONDITIONAL 1 YEAR WARRANTY 
Write for catalog G76-J1S 


NEW BRUNSWICK SCIENTIFIC CO., | 


PRECISION 










NC. 


LABORATORY APPARATUS 





P.O. BOX 606, NEW BRUNSWICK, NEW JERSEY 














GLASS ABSORPTION 
CELLS KLETT 


made 
by 





SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 

















Klett Manufacturing Co. 
179 East 87 Street, New York, New York 
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For DPN and DPNH 
insist on the genuine 


SIGMA PREPARATIONS 


Sigma is probably the leading basic producer of these 
important co-enzymes. Sigma Quality has always been YX 
the World’s Highest, but now it is even higher than 
before. Not yet 100%, but we are rapidly getting there. 





Price—Far lower than any other 
supplier for comparable purity: x 


B DPN—95-100% Pure—$15 per gram 





8 DPNH 
Type 1—90-95% Pure—$35 per gram | 
(This has been our regular offering) 


® GRADE—97-100% Pure—$50 per gram s 
Never before has such a purity been offered 
commercially. 

Note: At present only limited quantities are avail- 
able, but we expect to develop our production 
to a routine basis over the next several 

months. 


Delivered by AIR Anywhere in the World 





Also, for your convenience and to make your Enzyme 
assays more reliable by eliminating decomposition of 


DPNH STOCK SOLUTIONS, we offer 
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DPNH TYPE | PRE-WEIGHED VIALS 
completely Stable At Room Temperatures 


OPPO SO PPPS 


DPNH.VIALS Stock No. 10 VIALS 
0.2mg 340-2 2.50 
1.0mg 340-101 6.00 
2.0mg 340-102 11.00 
5.0mg 340-105 15.00 % 
10.0mg 340-110 21.00 4 
Delivered by Parcel Post anywhere z 
DID YOU KNOW—the purity of Any Sigma Reagent 4 
is guaranteed until consumed. No matter how old, or 
why, if not satisfactory, please return it for replace- 


ment. This includes ENZYMES! 


TELEPHONE COLLECT 
from anywhere in the world 


Day, Station to Station, 
PRospect 1-5750 





Night, Person to Person, 
Dan Broida, WYdown 3-6418 


The Research Laboratories of 


SIGMA 
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Kor 
Research 


Worthington 
crystalline and 
purified enzymes 
and enzyme reagents 
have a reputation 


for dependability. 


ily it 


worthington 


Fora 
complete listing 
of Worthington products, 
write for your 
free copy of the 


Worthington Manual #10 


and Reagent brochure. 











New Products 


The information reported here is obtained from 
manufacturers and from other sources considered 
to be reliable. Neither Science nor the writer as- 
sumes responsibility for the accuracy of the in- 
formation. All inquiries concerning items listed 
should be addressed to the manufacturer. In- 
clude the department number in your inquiry. 


™ TRANSISTOR TEST SET measures beta 
parameter from 0 to 30/ 100/300; input 
impedance from 500 to 20,000 ohms; 
and collector cut-off current from 0 to 
50 wa. Test frequency is normally 1 
kcy/sec from an internal oscillator. In- 
ternal collector voltage source is a 52-v 
mercury cell. Accuracy is said to be +2 
percent for cut-off current, +3 percent 
for beta, and +5 percent for input im- 
pedance. (Metronix, Inc., Dept. Sci264, 
Chesterland, Ohio) 


®™ CURRENT PULSE GENERATORS designed 
to furnish test pulses for computer com- 
ponents furnish l-amp (max.) pulses 
with 0.1-usec rise time. Separate models 
are available for positive and negative 
pulses. Width and pattern of pulses are 
determined by external logic circuitry. 
Current setting is continuously adjust- 
able. (Digital Equipment Corp., Dept. 
Sci266, Maynard, Mass.) 


™ MINIATURE WIRE-WOUND POTENTIOM- 
ETER has power rating of 1.0 watt and 
maximum operating temperature of 
175°C. Dimensions are 3/16 by 5/16 
by 1 in. Resistances from 100 to 20,000 
ohms are available. The units are said 
to be impervious to salt spray, fungus, 
sand, and dust, as well as to exceed 
government specifications for shock, 
vibration, and acceleration. (Bourns 
Laboratories, Inc., Dept. Sci271, P.O. 
Box 2112, Riverside, Calif.) 


® RADIO-FREQUENCY VOLTAGE CALIBRA- 
TOR provides four output ranges be- 
tween 2 mv and 3 v r.m.s. Accuracy is 
said to be +0.3 percent of full scale, 
and maximum frequency effect is said 
to be £0.2 percent from d-c to 10 Mcy/ 
sec. The instrument requires a 3-volt 
input signal into 600 ohms at any fre- 
quency up to 10 Mcy/sec. A built-in 
d-c reference permits calibration of full- 


| scale deflection. (Sensitive Research In- 











strument Corp., Dept. Sci277, 310 Main 
St., New Rochelle, N.Y.) 


® SPHERE GAP ASSEMBLY, model 8526, 
for high-voltage measurement, includes 
a sphere gap and current-limiting resis- 
tors mounted on an insulating base. 
Spacing of the 6.25-cm spheres is con- 
trolled by a micrometer adjustment 
calibrated in mils. Measurement ac- 
curacy is said to be +3 percent for d-c 
potentials and a-c peak potentials at 
commercial power frequencies up to 
120 kv. (Associated Research, Inc., 
Dept. Sci288, 3777 Belmont Ave., Chi- 
cago, Ill.) 


™ UNDERWATER CAMERA is housed to 
withstand pressures of 8 tons/in*. Up to 
500 photographs can be taken at 10-sec 
intervals on 35-mm film. Time and other 
data are recorded on the film with each 
exposure. An _ electrically controlled 
shutter is synchronized to an elec- 
tronic flash of 100 watt-sec capacity. 
The unit weighs SO lbs.; it is 22 in. long 
and 5 in. in diameter. (Edgerton, Ger- 
meshausen & Grier, Inc., Dept. Sci275, 
160 Brookline Ave., Burton, Mass.) 


™ AMPLIFIER for measurement of nu- 
clear radiation recovers rapidly after a 
large pulse of several hundred times 
overload. Rise time is less than 0.2 
usec. Gain stability is +0.027 percent 
with +1 percent change in line voltage. 
Linearity over the 0-to-100-voit range is 
better than 0.1 percent into loads greater 
than 1000 ohms. Gain is 10,000 with 
delay-line clipping and 20,000 with RC 
clipping. (Hanmer Electronics Co., 
Dept. Sci279, Princeton, N.J.) 


™ MULTICHANNEL OSCILLOSCOPE uses a 
17-inch, long-persistence cathode-ray 
tube to display 24 channels of informa- 
tion. Each of 24 plug-in channel ampli- 
fiers has its individual control for verti- 
cal position, beam intensity, gain, and 
balance. Sweep is calibrated from 100 
usec to 1 sec/cm. Frequency response 
is d-c to 3500 cy/sec. Sensitivity is 10 
mv/in. (Railway Communications, Inc., 
Dept. Sci280, 9351 E. 59 St., Raytown, 
Mo.) 


@ SPECTROPHOTOMETER ACCESSORIES in- 
clude precision-bore 10-mm_ diameter 
cuvettes and “micro-space” adapters. 
Used alone, the cuvettes require a mini- 
mum sample volume of 1.8 ml. The 
adapter reduces the volume requirement 
to 0.7 ml while retaining the 1.0-cm 
path. Cells are matched to 0.5-percent 
transmission. (Coleman Instruments, 
Inc., Dept. Sci284, 42 Madison St., 
Maywood, Ill.) 


™ PHOTOELECTRIC AUTOCOLLIMATOR 
eliminates the need for visual observa- 
tion but can be used in the normal 
visual way when required. The photo- 
electric detector consists of a vibrating 
slit and a Hilger-Schwartz photocell. A 
center-zero indicating meter can be re- 
motely located. The instrument is first 
set up visually, after which displace- 
ment produces a corresponding deflec- 
tion of a meter. For highest accuracy 
the indicating meter is used as a null 
detector. Accuracy is said to be +0.05 
sec. Existing autocollimators can be 
converted for photoelectric observation. 
(Hilger and Watts, Ltd., Dept. Sci285, 
98 St. Pancras Way, Camden Rd., Lon- 
don, N.W.1, England) 

JOSHUA STERN 
National Bureau of Standards, 
Washington, D.C. 
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NEWEST 
Developments 
In 

TIME LAPSE 
PHOTOGRAPHY 
EQUIPMENT 





























Dual Drive Control Unit 






































Stand Assembly 


aloe scCiIie NtifiC division of As. Aloe Company 
5655 Kingsbury, St. Louis 12, Mo. 


FULLY STOCKED DIVISIONS COAST-TO-COAST 


For photographing automatically, under 


a microscope, any material that has a 


time change in structure. 


Still photographs are made on motion picture film at 
relatively long time intervals then projected at standard 
speed. Changes that represent hours at a normal rate are 
then viewed in minutes, picturing clearly the effects of 
time, temperature and environment on the material. 
Ideal for showing plant growth, corrosion studies, tissue 
cultures, blood samples, bacteria, metals, minerals, 
waxes, and crystalline formations. 





All components for a complete time lapse unit can be 
mounted on stand assembly. This includes camera, 
microscope and incubator, illuminator, and timer. Dual 
drive control unit operates two cameras and associated 
equipment on two stand assemblies. 





Special brochure #EM-1 gives complete data and prices. 
Write now for your copy. 
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CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. Posi- 
tions Open, $33 per inch or fraction 
thereof. No charge for box number. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for Box Number. Monthly invoices will 
be sent on a charge account basis— 
provided that satisfactory credit is estab- 
lished. 

Single insertion 
4 times in 1 year 
7 times in 1 year 
13 times in 1 year 
26 times in 1 year 26.00 per inch 
52 times in 1 year 25.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 

Replies to. blind ads should be addressed 
as follows: 

Box (give number) 
Science 

1515 Massachusetts Ave., 
Washington 5, D.C. 


mili] Positrons wanTeD ill 


(a) Biochemist, Ph.D., bacteriology minor; M.A. 
organic chemistry major; extensive experience 
in radiology-biochemistry teaching and cancer 
research; available for high-level academic ap- 
pointment. (b) Young Physiologist; Ph.D., June 
1960; prefers cytology, endocrinology or phys- 
iology research activities. Sl-1 Medical Bureau, 
Inc., Science Division, Burneice Larson, Presi- 
dent, 900 North Michigan Avenue, Chicago. X 


$33.00 per inch 
30.00 per inch 
28.00 per inch 
27.00 per inch 


NW 

















Ph.D., Plant Pathology, 

of postdoctorate research; 

33. Research rr ted 
Box 3, SCI 


root diseases; 2 years 
10 years of teaching; 
teaching from September 
NCE. x 


imiiii| POSITIONS WANTED ill 


Electron Microscopist, Cytologist, M.D. Desires 


independent position university medical or bio- 


logical sciences department. Preference West 
Coast or adjacent states. Experienced setting up 
electron microscopy laboratory, familiar with 


modern techniques used in cytology, several years’ 
experience in ultrastructure research, publications. 
Box 266, SCIENCE. 1/1, 





Experienced Ph.D., chemistry, physiology, 13 





years of animal radioisotope research. Publica- 
tions. Sigma Xi. Available for senior research, 
related administrative position, West. Box 2. 
SCIEN CE. xX 
Microbiologist, M.S. Immediately 


re, re- 
search, teaching. Box 4, SCIENC xX 


Wiili| POSITIONS OPEN |i 


Animal Care Products Salesman ‘now serving re- 
search laboratory colonies in Texas and other 
areas wanted for sales and service to SAN-I-CEL 











Laboratory Animal Bedding accounts. Paxton 
vine Co., Paxton, Illinois. xX 
Asdetant, Associate Professor of Chemistry. 

physical/organic. Growing department 


$5000- $6800. W. Sink, Department Head, Ap- 
palachian State Teachers College, Boone, N.C. X 





Blood Coagulation Research. Long-established 
program in this field has renewed 5-year pro- 
gram, with openings for qualified research asso- 
ciates. Address John H. Ferguson, Department 
of Physiology, University of North Carolina, 
Chapel Hill, N.C. 12/25; a 


Chemist, M.S. Excellent pny for young 
man to work under Ph.D. in charge of chem- 
istry laboratory of large teaching hospital. As- 
sume some _ responsibility for supervising tech- 
nicians involved in clinical and research work. 
Salary $5280. Send complete résumé to _Per- 
sonnel, St. Luke’s Hospital, 421 West 113 St., 
New York 25. 1/15 








iii! POSiTioNs OPEN [iil 





Applications are invited for the post of 
Professor and Chairman of the Department of 
Animal Science in the Faculty of Agriculture of 
McGill University, Macdonald College, P.Q. 
The department’s teaching and research interests 
include breeding and management in poultry 
and animal husbandry, animal nutrition, and 
animal pathology. 

Candidates should have extensive experience 
in both teaching and research, preferably in the 
large animal field. Duties to begin on or before 
1 September 1960. Applications must be accom- 
panied by a curriculum vitae and the names of 
three referees. Submission should be made before 
15 February 1960 to the Dean, Faculty of Agri- 
culture, McGill University, Macdonald College, 
P.Q., Canada. xX 


CARDIO-VASCULAR RESEARCH. Well 
grounded Ph.D. or M.D. skilled in hemo-dynamics 
and physiological techniques for pharmacologic 
evaluation and basic research program. Reply to 
Employment Division, Abbott Laboratories, North 
Chicago, Illinois. 


—ENDOCRINOLOGIST-— 


Ph.D. 
chemistry and physiology. 
some industrial experience 
screening program. 


—ORGANIC CHEMIST— 


(Antibiotic Research) 


Ph.D. organic chemistry including training in 
physical and biochemistry plus experience with 
analytical procedures and antibiotic isolation and 
purification techniques. 
Please send curriculum vitae 
to Personnel Director 











level scientist with background in bio- 
Prefer candidate with 
involving endocrine 


SCHERING CORP. 
Bloomfield, N.J. 





60 Orange St. — 














1 JANUARY 1960 



















Will] POSITIONS OPEN iit 


(a) Associate Director of Biol 
with leading drug manufacturer; development of 
new drug experience essential; around $20,000 
year; East. (b) Assistant Professor of Botany 
for teaching and research in agricultural school; 
South. (c) Head of Tableting-Coating Section 
with good related experience for large pharma- 
ceutical firm; $8000-$11,000 a year. (ad) Ama- 
lytical Chemist, Ph.D. or M.D. to conduct 
various assays and research on new_ techniques; 
high salary; Texas. (e) Experimental Pathology 
Scientists, Ph.D. or M.D. for large cancer re- 
search center; endocrinology background desir- 
able; around $8000 year; East. (f) Product De- 
velopment Bacteriologist to supervise vaccine pro- 
duction installation and personnel; tissue culture 
background helpful; salary open; Midwest. 
(g) Research Biochemist for independent research 
on food and drug products; relatively new division 
of large industrial firm; $8000-$10,000 year; East. 
(h) Biochemistry/Immunology Research Associate 
for protein purification from tissue and their 
characterization, also teaching if desired; large 
medical school with expanding research program; 
East. S1-1 Medical Bureau, Inc., Science Division, 
Burneice Larson, President, 900 North Michigan 
Avenue, Chicago. x 











BACTERIOLOGIST 


Research 


Challenging positions are open for 
Bacteriologists with M.S. to Ph.D. 
degrees and 2 to 4 years of research 
experience, preferably in public 
health or microbiology. 

These positions offer opportunity to 
use your initiative and _ creative 
ability on interesting and _ varied 
programs. Excellent employee bene- 
fits and liberal vacation policy. 


Please send résumé to 


E. P. Bloch 
ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology 
10 West 35 Street 
Chicago 16, lilinois 








Visiting Professorship in Oceanography, Univer- | 


sity of Cape Town. The salary is £2500 per 
annum. A special traveling allowance will be 
paid in terms set forth in 


referred to below. 

he post is vacant from 1 July 1960, and in 
the first instance the appointment will be for 1 
year. By mutual agreement the period may be 
extended for two further years, and may there- 
after be made permanent. 

Applications should state research experience, 
publications, and the names of two referees whom 
the university may consult. It is essential that 
the program of research which the applicant 
proposes to undertake while at Cape Town should 
accompany his application. 

Two copies of the application should reach the 
Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, Lon- 
don, W.C.1, not later than 31 January 1960. 
An additional copy should be sent direct by 
airmail to the Registrar, University of Cape 
Town, Private Bag, Rondebosch, Cape Town, 
South Africa, by the same date. 

Details of research facilities in marine science 
and the duties of the visiting professor are set 
out in a memorandum obtainable on application 
to the Secretary of the above Association. 

The University reserves the right to appoint 
a person other than one of the applicants or to 
make no appointment. x 





(a) Research Biochemist; Ph.D. for supervisory, 
research appointment, central allergy laboratory, 
large government hospital; research and improv- 
ing antigenic —— of extracts, related areas; 
$9500; East. (b) Biochemist; M.S. preferred to 
head department, fully approved 400-bed general 
hospital; minimum $6800; midwestern college city. 
(c) Pharmacologist; Ph.D. to direct screening pro- 
gram, plan, develop specialized experiments, new 
testing methods; prominent eastern concern; to 
about $10,000. (d) Biochemist; Ph.D. well 
grounded in nutrition; principal research labora- 
tory. Woodward Medical Bureau, Ann Woodward, 
Director, 185 North Wabash, Chicago. x 





the memorandum | 








Wii] POsiT10NS OPEN |i 


BIOCHEMIST 


Excellent opportunity for an individual capable 
of organizing and administering a Biochemistry 
Department of a rapidly expanding manufacturer 
of veterinary products. 

Advanced degree—Ph.D.—experience or train- 
ing in animal biochemistry—ability to initiate and 
supervise research procedure to determine the 
metabolic fate of chemical medicinal compounds 
and chemical metabolites—experience in prepara- 
tion of new drug applications—knowledge of C'* 
techniques—are required. 


Salary based on ability and experience. 


Send full details of education, background, and 
experience to Box 1, SCIENCE. 











PH.D. PHARMACOLOGIST OR PHYSIOLO- 
GIST to conduct independent research in the car- 
diovascular and coagulation areas. 

PH.D. PHARMACOLOGIST OR PHYSIOLO- 
GIST to conduct independent research on the 
pharmacological effects of proteolytic enzymes, in- 
cluding studies on inflammation. Send résumé 
stating age, experience, education, salary expecta- 
tion, to Mr. E. J. Reidy, Personnel Manager, 
ARMOUR PHARMACEUTICAL COMPANY, 
Kankakee, Illinois. 








Physiologist and Immunologist 
An expanding midwestern pharmaceutical 
company has opportunity for: 

1) Ph.D. biochemist or physiologist 
with biochemistry training to do 
research on atherosclerosis, arterio- 
sclerosis, or lipid metabolism. 

2) Ph.D. immunologist to conduct ex- 
periments on immunopathology of 
hypersensitive, autoimmunity, or 
host defense mechanisms. 

Please send résumé to 
Technical Employment Coordinator 


THE UPJOHN COMPANY 


Kalamazoo, Michigan 











Senior Research Scientist (Physiology). Appoint- 
ment at minimum of $8652 with five annual incre- 
ments to maximum of $10,362. To do research 
in the Neuro-Endocrine Research Unit of Willow- 
brook State School, Staten Island, N.Y. Some 
knowledge of biologic assay of hormones is de- 
sirable. Ph.D. is necessary. Applications to be 
made to Dr. H. H. Berman, Director, Willow- 
brook State School, Staten Island 14, N.Y. 
Research Technicians with B.S. degree in biology, 
chemistry, or biochemistry, for interesting work in 
the medical research field. Perquisites include 3 
weeks’ vacation, 9 holidays, sick leave, retire- 
ment plan, social security, hospitalization and 
life insurance programs. For additional infor- 
mation please submit résumé to Personnel Man- 
ager, The M. D. Anderson Hospital and Tumor 
Institute, Texas Medical Center, Houston, Texas. 





Science, Teachers, Librarians, Administrators ur- 
gently needed for positions in many states and 
foreign lands. Monthly non-fee placement journal 
since 1952 gives complete job data, salaries. Mem- 
bers’ qualifications and vacancies listed free. 1 





issue. $1. Yearly (12 issues) membership, $5. 
CRUSADE, SCI., Box 99, Station G, Brooklyn 
22. Hex. r ew 
MAIO! FEXLOWsips jill 


Teaching Assistantships for Ph.D. candidates be- 
ginning 1 September. Annual stipends up _ to 
$3200. Research in enzyme chemistry, plant bio- 
chemistry, protein physical chemistry, _ lipid 
metabolism, and clinical chemistry. Write to 
Head, Department of Biochemistry, University of 
Alberta, Edmonton, Canada. 1/8 








Predoctoral and Postdoctoral 
JAMES W. McLAUGHLIN FELLOWSHIPS 


in the field of infection and immunity. These may 
be granted for study in any of the departments 
of The University of Texas Medical Branch. 
Stipends: Predoctoral $3600 plus allowance for 
dependents; postdoctoral starting at $7500. Addi- 
tional allowances are made for equipment, sup- 
plies and travel. Renewable. For information and 
application write Chairman, 


McLaughlin Committee 
The University of Texas Medical Branch 
Galveston, Texas 








The Market Place 


BOOKS + SERVICES + SUPPLIES » EQUIPMENT 





DISPLAY: Monthly invoices will be sent on 


a charge account basis—provided that 

satisfactory credit is established. 

Single insertion $33.00 per inch 
4 times in 1 year 30.00 per inch 
7 times in 1 year 28.00 per inch 
13 times in 1 year 27.00 per inch 
26 times in 1 year 26.00 per inch 
52 times in 1 year 25.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 

















ill BOOKS AND MAGAZINES lll 





Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are er to sell at high mar- 
ket prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 








SCIENTIFIC JOURNALS WANTED 





Sets, Runs and Volumes bought at top prices. 
Your wants supplied from 
our Back Files of over 3,000,000 periodical 


s. 
Abrahams Magazine Service, N. S ™ WT 





il PROFESSIONAL SERVICEs Jil 








FOUNDED 1922 
EE tod and BBs 
EEO crearch Heaaborateries 


Mn CgorRreeGOrRAT E DO 








Maurice Avenue at 58th Street 
Maspeth 78, New York City 
CABLE: FOODLABS _— TEL. TWINING 4-0800 











HISTOLOGY 
for 
Industry and Research 


GEORGE L. ROZSA, M.D. 
143 Linwood Ave. Buffalo 9, New York 
GRant 7165 














|| SUPPLIES AND EQUIPMENT jl 













YOU NEED THIS FREE 


CATALOG FOR YOUR FILES 


Serums, antiserums and bloods 
of all kinds for technicians and tissue <4 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St. * MAin 3-5373 * Denver 16, Colo. 


SWISS MICE 


BACTERIOLOGICAL AND GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 


HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 
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: NEW 
EXCLUSIVE WITH: ENGLAND 
: NUCLEAR 


LARGEST PRODUCER OF RADIOCHEMICALS 


$50/0.5 me 


@eeeeeoeeaeeeeeee 


NEW 1959 
CATALOG ON REQUEST 


TRITIATED GLUCOSE 


NET-50 D-Glucose-1-H° 


Specific Activity: 250 mc/mM 


$250/5.0 me 


new england corp, ® 
575 ALBANY STREET,- BOSTON 18. 








LEISS 


Single and Double 
MIRROR-MONOCHROMATORS 





with exchangeable prisms for the 
visible, ultraviolet, infrared from 
200 millimicrons to 20 microns 


Write for Bulletin +980 to 


PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N.Y. 























30 PHYSIOLOGY, HEALTH, HYGIENE, SAFETY, AND 


Charts 1-21 by Dr. A. J. Carlson 

Charts 22-30 edited by Dr. Carl A. Johnson, 
Northwestern Univ. Amer. Red Cross 

and Nat‘l Safety Council Facilities. 





BPG 


FIRST-AID CHARTS 
Ouer 600 Wlustrations in Color 


COMPLETELY UP-TO-DATE 


Original method of presentation with 


each chart explain drawings without 
interest, as primary motive. 


need of reference to texts. 
Not Technical—body functions and 
proper body care is underlying theme. 
Self-teaching—brief explanations on 
VISUAL EDUCATION AT ITS BEST 
More than 600 illustrations. Always available for reference. 
Consolidates material of all modern 
elementary texts. 


Large size—29x42 inches, yet conveni- 
ent to handle. 
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Equivalent to 900 pages of an average Unique organization of material 
| text. makes learning easy. 
= |T SZ Mm 
DPMLGA TEACHER’S MANUAL of 128 pages outlining eighty experiments is provided 


with the charts, and includes much new factual material not previously available. 
Physiology can now be a laboratory study or teacher’s demonstration course in- 


a text book course. 


The charts are available in the following three mountings: 


No. 7050 Charts with tripod Set, $37.50 
No. 7050A Charts with wall bracket Set, $37.50 
No. 7050B Charts with round steel base on rollers Set, $47.50 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880- 








1515 Sedgwick Street, Dept. E, Chicago 10, Illinois, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 








Wiss Julia 


= Rothermel 


Western College 


Oxford Ohio 





“Multi-exposure shot showing “PERMANENT” mounted prism being 
crashed into a piece of wood. Bond was not affected in any way. Your AO 
Sales Representative will perform this demonstration right before your eyes 


Built to take it! 


Cycloptic Stereoscopic Microscopes 


by American Optical 


This stroboscopic photograph shows the amaz- 
ing holding power of the specially developed 
“PERMANENT” bonding agent used to 
mount prisms in the new AO Spencer Cyclop- 
tic Stereoscopic Microscopes. 


This method of prism mounting means you 
can put your Cycloptic to extreme use...attach- 
ment to a vibrating production machine, rough 
and tumble field trips, even years of student 
handling...and still be assured of positive, per- 


American Optical 
Company 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 


SPENCER 


manent prism alignment. 


This careful attention to detail is typical of the 
thoroughness that marked every step of the 
development of this instrument. Enthusiastic 
users tell us we have achieved our goal of top 
quality at a low, low cost. 


The entire AO Spencer Stereoscopic story is 
yours for the asking. Mail coupon below for 
handsome 36 page brochure which gives com: 
plete specifications. 


Seen aaah 
Dept. 
Gentlemen: 

Please send me AO Spencer Cycloptic Brochure $B56-856. 


Name 





Address. 
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